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Where Will You Be When You Get Where 


You're Going?’ 


By George Black 


President, The George Black Company, Jacksonmlle, Florida 


since Lean remember I've heard variations on the 
story of the inebriated gentleman searching vainly on the 
corner of Forty-Second Street and Broadway for a dollar 
bill lost in an alley almost a block away. When asked his 
reason, he rephed without hestiation, “Couldn't see a 
blasted thing in that alley. Here at least a man has some 
light.’ It often makes me wonder how many of us are 
looking where the light is brightest for something we've 
lost elsewhere. Hlow many of us are too busy going some 
place to stop a while and find out where we will be when 
we get there? 

Industrial Engineers have a lot in common with man- 
agement consultants. In faet, | think it’s safe to say that 
the majority of management consultants came through 
Industrial traming or practice. My knowledge 
of manulacturing and system shortcuts doesn’t come from 
books or actual work expenenece, but primarily through 
first-hand observation of literally thousands of plants. 
As a technical writer and editor and as an industrial ad. 
vertising man who believes that the best madustrial ad copy 
Is written only through a thorough knowledge of a produet 
and its use, P spent a good part of my life finding out how 
people do things, and then communicating these thoughts 
to others. But even with this experence don't ever offer 
my serviees as an Tndustrial Perhaps a better 
tithe for the type of work [do might be marketing eng. 
neer, You tell them how to make the product most eco- 
nomically. PE tell them how to sell it. We both have this 
mn common, however: Our jobs are based on our ability 
to make money for other people. You do it by cutting 
them operating costs; doit by building their sales. | 
“om to be laboring this identification between your job 
as an Todustrial engineer and my job as a marketing engi 
neer, Tam domg it with a definite purpose. | want you to 
feel that in the things we are trying to do and the places 
we are trving to go we have a lot in common, and there 
fore my experience and my thoughts are not those of an 
outsider or a stranger, but rather of a co-worker and a 


friend 


on i pore tes the kaonville Chapter, 


February 14, 1057 
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Basic Problem of Industrial Engineering 


Let us recognize the basie problem, not only in in 
dustrial Engineering circles, market engineering circles, 
but in the entire universe. This problem is one of #om- 
munications, of making people understand what you are 
trying to accomplish and what you are trying to say. Com- 
munication is accomplished through the use of the senses 
and is augmented or hindered through the use of the m- 
tellect. In the industrial field we communicate through the 
spoken and the written word, through the use of photo- 
graphs, drawings, models, or through actual demonstra- 
tion and witnessing. In most cases we combine a vanety 
of these approaches. When talking to one of the men mn 
the shop, for example, you not only use words, but you will 
use diagrams, and, if possible, the actual tmestallation. 
When selling an idea to the boss, while seated in his ofhee, 
words accompanied by sketehes and photographs are your 
best means, The man who succeeds is the man who ean 
yet his story across clearly and coneimely and who ean go a 
step further and influence people to act on the basis of his 
findings. And so we see that the basie problem ims one of 


Meeting the Challenge 


But now, let us go back to the problem of where are we 
going and where will we be when we get there? To start 
with, you are in a good profession. In a number of surveys 
conducted by the American Institute of Puble Opinion, 
the engineering group has been listed among the two best 
professions for a young man to take up. Medieme im the 
other one. We are seeing more and more engineers moving 
up into management positions. And yet in spite of this, 
the publie relations value of the engineer is taking a turn 
downward. | would just like to summanze briefly some of 
the reasons for this downward trend. One is the fact that 
there is no unified engineering body to speak for all engi 
neers, in the way that the American Medical Associmtion 
speaks for all doctors. Secondly, there is a strong drive 
toward specialization in engineering fields which is perhaps 
one of the reasons why we have no strong unihed profes 
sional body. Thirdly, the greatest percentage of engineers 
are employees rather than individual practitioners of a 
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profession. This employee complex with it= identification 
with labor, rather than with management, hurts the public 
relations pieture, and results to some extent in the fourth 
major reason a poor professional attitude. It is not my 
intention to talk on the lofty plane of professional att) 
tudes, but rather | would like to get down to brass tack-~ 
and say to you, “Mr. Industrial bengineer, what do vou 
want out of life?” “Where do you want to go?” And I 
will try to point out some of the mayor things you can do 
fo put more meaning im your job and make you more 
Valuable to your company and your family. 

Let us start with the assumption that you have attamed 
your present position as an Tndustrial through 
competence, You may be college trained specifically in 
lidustrial You may have college tram 
mg oi other fields, but) your expenence in Todustrial 
hLogineering. Or, you may have come up the hard way, 
threough the ranks, and because of a talent and aptitude 
moved your way into Tndustrial bagineering circles. It 
really makes little difference how you got where you 
are today, provided you are competent. The first 
question to ask yoursell is, “are you domg the type 
of work you enjoy?” Tf the answer is in the negative, you 
must goon yoursell to ask why vou don't enjoy it sonnel 
make your own plans to get into something you really 
want to do. If your answer is in the affirmative, and Pm 
sure that with most of you it is, vou must also ask your 
self, “why?” Does it come from the facet that the paycheck 
is relatively high? Does it come from putting the needle 
in lazy workers? Does it come from clerical type listing and 
record keeping? Or does it come trom meeting a challenge 
and lieking it? You're my kind of man only if the answer 
isa resounding “ves” to the last question; that is, if the 
major pleasure of your job comes in the meeting of chal 
lenges and successfully lieking them, 


Acquiring Recognition 


Now I'm gomg to stick my neck a long, long way out 
sav that have never met a man who got his 
ment from meeting challenges who didn't have a big ego 
toge along with it and that to satisfy this ego licking the 
problem is not enough. He wants to tell people about it, 
and he wants recognition for it. On the plant level vou 
tell people verbally and through reports; and you get your 
recognition ina payeheck. This is fine, but it is not enough 
It will never satisfy the ego completely. You want to 
receive recognition from people who tully realize The nature 
of the work you are domg, and with very few exceptions, 
the only people who ean realize this are other Tndustrial 
engineers. The only way you can get your story across 
to them and get their reaction m return is through group 
meeting, such as this, and through the preparation of 
articles in the trade press. And the wondertul thing about 
this ego which forces you to tell the things you are domg 
and to seek acclaim from those for whom you work and 
from those with simular mterests is the fact that in satisty 
ing your ege, vou are helping others as well as yoursell, 
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In order to make this meeting as personal as possible Pd 
like to take a few pages out of my own book and show you 
how this drive to communicate has plaved such a vital 
part own lite 

Sixteen vears age | was an inspector im the detail manu- 
facturing division of a large aireraft company. The day I 
reported lor work | Wits the chore of two jobs: 
(\) a machine shop preeiston parts beneh imspector, or 
(1) an inspector in the finishing department. The former 
job demanded greater skill and paid more money, but I 
chose the job as finishing inspector, in spite of the faet 
that the pay was lower, and TP needed every dollar. My 
reason Was Very simply this: | was told that the yob of the 
finishing inspector required an understanding of all 
previous detail manufacturing operations, beeause in 
determining the tor a part it was tnportant 
the part not be sent through finishing operations until 
previous machining work had been completed. [was alse 
that the inspector to know materids, 
the type of determined the type ob in 
organic type of finish it was to receive. Twas also told that 
the finishing inspector had to Know the final assembly 
tostallation of the Components this very often 
determined the areas whieh had to be proteeted from the 
fintshes, as wellas the final color identification of the part. 
Iwas a green kid ina departnvent completely staffed with 
the old guard who believed that “the less TL teach this man, 
the less dager he will be to me” And for the most part 
mV stiperiors were tet concerned with what or how I 
lenroed, but the ego Was so strong that | soon began te 
write what might be called “self-tramuing manuals” which 
were essence of thing that felt wereevalu 
able for aman with mv responsibilities. As the department 
yrewoov began te be used by others, and in ne 
time at all began te rewrite these self-tramimg manuals 
nnd articles in form suitable for the vartous trade journals 
Perhaps thie biggest factor the pres it ol 
Which had attamed after five years 
of work, was the facet that a company polrey closed the 
doors on bon 

When jomed The Toternational Nickel Company, 
mv mayor job Was the preparation of technical stories on 
<uceessiul appheations of mekel bearmg materials. bor 
two vears this togk me all over the comintiry and into the 
yreatest possible diversity of plants 

the next five vears, as Publi Relations Director 
lor Cooper Alloy Corporation, TP branched out using all the 
means ob tidustrial communication ineluding advertising, 
direct maul, catalogs, ete. By the time I opened my own 
business; Which has as its basis the problem of building 


bey closing the booties | lived 
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than «a dozen years in purstut of the same am, namely, 
licking problems and telling people about it, or pust fine 
ing problems which other people had leked and helping 
them te tell other people about them. One of my biggest 
current assignments is the problem of building sales by 


Communications 


Ll have gone to great lengths to show vou how my own 
personal life and work have been treed ap with this idea of 
problems on the tocdustrial level and translating 
them or communicating them to other people, beentuse I 
sincerely beheve that this is the promary mterest of most 
Industrial engineers. Your [nstitute is one of the best 
methads you can find to help you exchange ideas with 
people Whose interests are simular to yours, with 
Whose problems are akin to those vou face. Where else 
will vou find an audience who will listen to you, learn from 
vou, and perhaps teach you m return? Don't sell this 
yroup shert! Perhaps the attendance has been small and 
the membership not up te its potential beesuse you 
haven't suffierently clartied the goals of and your 
own tdividual goals. There is hardly a company ou this 
aren Which would not support and encourage membership 
organization if the top men were approached and 
explained tn ne uneertam terms that your prime purpose 
was to exchange ideas and know-how, with the end result 


of cutting operating and produetion costs 


Summary 


To build your Tnstitute and make it even more worth 
While, you need to provide an opportunity to release the 
and get recognition. Just about every 
result im a publishable paper mm a presentation you'll 
find Valuable and worthy of reporting to higher ups. As 
Industrial your value m determimed by your 
abality to operatingg costs, speed prem or itn 
prove the product. This gives vou plenty to talk and write 
about. This is a creative phase of engineering, therefore, if 
vou are cut out for this pob, you are a creative person. If 
you are a ereative person, you've got a big ego, and that 
ego will only be satishied through recognition of the work 
vou are domg or have done. Reeognition from your 
emplover im the form of higher salary is always weleome, 
but net enough. Reeognition from yvour fellow In 
dustrial kaaqggineer who understands thoroughly the nature 
of your work will give you the biggest possible emotional 
htt. This reeogmition from your fellow Lndustrial 
comes basically in two ways; mm writing for the technical 
and trade journals and in close association through groupe 
such as the Your company, yvour fanuly and you 
all gain when Vour <trength 
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The Basic Limitations of Operations Research 
in Industry 


By George Odiorne* 


Operations research ts such a new and mgeniotis engineer 
mg techomgue that we quite naturally look for its weak 
nesses. Yet this testing process, looking for basic flaws in 
structure and pon, is entirely necessary 
research is to stand the tests of time and rygorotis tse 
and overcome formidable opposition and imdifference. It 
mate thos light that the following observations are suggested 
There is no questioning that OR is potentially valuable im 
research, engineering, production, marketing, and other 
special areas. can further be accepted as a truism that on 
making these activities more eflicent, OR helps manage 
ment achieve its youl Despite these, there is some doubt 


that the future looks rosy for OR as a tool or method of 


general management, at least until such tine as it over 
comes some oof the confleting and confusing nApects 
base which now characterize tt. 

The thesis of this article os: 


1 That Operations Kesearch im an and highly useful 
tool to supplement and strengthen the techniques of engineering, 
marketing, accounting, and other specialized technical aren 


os suggested that there are some lioutation= upon Opern 


tions esearch as a Tool of Management label which im widely 


breve] feo at 
That at ts ensumtry to into sufficient: capacity 


to cull it way of managing 


Limitations stem from some ol the basic assumptions, 
both scentilie and managerial, upon whieh Operations 
Research scientists apply them talents. It’s at this as 
stmption level, the jugular vem of OR, which we 
probe if we are to discover what can be expected of it, 
nnd what cannot be expected of it 

\s a tool of engineering or other applied screnees, in 
Which the advantages of quantification of data are obviots, 
there can be no quarrel, It not only works well, it produces 
some starthig benefits 

asa “tool of management’ is stretching our detin- 
tiows rather thin, More realistically itis “a tool of a spe- 
eilist who applies his technical knowledge under mana 
yverial direction.” [tis not a tool of the manager himself, 
He designs no models, derives no formulae, makes no ex 
perimental studies, but rather directs the expert whose 


The expressed are these af the and lo treet rey 


resent an official position of American Management Association 


266 THE JOURNAL OF INDUSTRIAL ENGINEERING 


tool is OR. In this sense OR is a management tool in the 
same sense that everything that takes place, every machine, 
every taterial, every process, and every person at work bs 
a tool of management. Information suppled by OR, just 
as Information supphed by accountants, actuaries, lawyers, 
public relations counsellors or stooges must all fall within 
the same category. Many thoughtful OR serentists clearly 
see ther role as professional contributors to the business 
youls. A considerable number, however, have enlarged its 
ambit of operations through methods that) are more 
reminiscent of the book “Tlow to Sueceed in Business 
without Aetually Trying” than the objpeetivity and dedica 
tion of the professional scientist. Operations Research os 


an exening and promimmg tool for any firm. It is not a 


readily adopted set of tianagement procedures which any 
administrator can easily acquire and use regularly in the 
way he uses shill in communicating, ability to motivate 
people, or skill in integrating diverse groups of people into 
eflective working teams. [It isn’t even easy to acquire a 
Subordinate who can use the techniques with skill and 


The Assumptions of OR 


More importantly than any defects in its application, 
there are some fundamental OR which 
must be ertieally examimed. These assumptions are not 
all clearly agreed upon by the technicians of OR, so at 
might be well to list a few of them 


/ Operations the application wf rational methods to 
the solution of « om ples proble men reloping action aituations 
this meant usually that “ratronal’ os equivalent to mathe 
matienl, statestieal, measurable, methods (or otherwise) subject 
to classification as used in the natural scrences 

+ The problems of managing a husiness are subject to such va 
fronal treatment. This comes about because busines- operations are 
analogous toother Processes of nature. There mnt total agree tient 
on exactly which natural process business resetible 
however. One authority suggests that business may be treated in 
the <nme Way as with OOK asx “business 
medeme Stel! another thinker in the held suggests that busines. 
is like thermodyvnamies, and obeys the second law of entropy, with 
OR as a means of bringing order to disordered -ituations A third 
expecially electromes and electrome cireuitry Such termes as 
‘feedback’ in general use owe their origin to thos 

3 Operations researchers, as screntiats atudying business ae 


sume a basic nature of business: and although leas often 
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discussed, they have a philosophy of ascrence The predominant 
philosophy of screnee held by most OR men is one whieh is some- 
times as ‘positivism \s positivists they assume any 
scventiie svstem a= a hrerarchy in the form of a pyramid. At the 
base are the observed facts) Next level above them are simple laws 
that conmmect them. a few ftact~ at atime. At the nent higher level 
are general laws Which comnmeet these laws Finally above all are a 
lew grammed generalizations whieh comnmeet these tertiary level laws 
In the natural <crenees these nubestract concepis are the theories of 
biological organizers, the eleetron spin, or the wave funetion. In 
OR appled to management deemron making these 
are, that busines organization is obedrent to the laws of therme 

chy or, that business i an ton 
or, that business communication t analogous to eleetrome 

eurtey. The positivist sees these higher level abstractions as a 
shorthand for the underts ing tothing more. This school 
of thought, whieh has wide influence OR men has been 
widely influenced by Perey Bridgeman. They accept tacitly the 
statement of Bertrand Russell that wherever con 

struetions are te be substituted for mferred entityees. OR then 
becomes tore than an of faetual data for deetion 


making Phe resultant mathematical model froman OR <tudy te 


Hlow Sound are These Assumptions? 


Onee vou have accepted the baste assumptions, heuristre 
principles, definitional asstimptions, and useful fietronms of 
the Operations Researcher he is on unassailable grown, 
thos forward he constructs a logieal structure 
of Whieh ts (Providing 
that bus arithmetic iw correet.} burthermore, for tmost 
purposes, the average businessman remembers too little 
of hus caleulus to even follow the OR man’s cerebrations, 
let alone question them. The inportant step then comes 
back at the pomt oat whieh he looks ertueallly at) the 
aostep whieh is open to even a millionaire, 
the this aren of basic pt 
thout the fundamental nature of business is on equal or 
superior footing with the Operations Researcher. Even 
businessman with traming as a social screntist who bs 
ated observant speaks with ee authority with 
thoes on for al truth be known this 
is hand whiehis still subject to some disagreement, 

Let's look briefly at some of the weaknesses in the 
philosophy of screnee whieh predominates among the OR 
experts scientific positivism. Some mathematical phi 
losophers suchas J. Bronowski, Braithwaite, and the 
late Ramsey have pomted up some shortcomings of 
loygies! positivism as an attitude toward serenee. Of this 
prositivist attitude Bronowski says: 


the right attitude ina secrenee whieh closed, it hope 
lexsly the wrong view when a screnee im still growing. For «a logical 
construction Which has been made to contam only the eximting 
fact~« and relations cannot accommodate new relatiron- the 
concepts of a growing screnece must be reher and more pliable than 


any logieal construction from the stm of its known faet~ 


Still another shortcoming of the assumptional area which 
underlies operations research is the meanmg assigned to 
the term probability by most OR serntists. What does 
probability mean? ean we define the probability ol 
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belief, a huneh, ora proposition, as well as the prediction of 
an event? Before OR can be adopted as a model of deemsron 
making many areas of management mist more 
logically define the degree to which their rational deerpots 
or laws of management bring order into the jungle of in 
tuition, emotion, and reasoning by expermeneed huneh. At 
present all we can rely on from OR ow that of we make 
generalizations on how a system has worked before, it tm ra 
tional to assume that it will work again. Certamly we don't 
need scientists to tell managers this. Humans learn this 
from the time they are three years of age, until they become 
mathematical economists and human behavior based in 
large part upon it. While the close serutiny whieh OR 
makes avatlable may define relationships more closely, and 
develop generalizations along lines of probability ane 
linear relationships which are obscure to the naked eve, i 
marks limitation upon OR as a top management 
making tool For based on the funetions i ean actually 
perform and contribute to general management i might 
rank mm the mdustrial hierarchy well below cost accounting 
or Industrial in the rank and) compensation 
of its practitioners who tisist upon entering the market 
place with their wares. In view of the “overselling” which 
has characterized much of OR, it seems germane to suggest 
that the time is propitious for a more or less orderly retreat 
of OR back to the college lnhoratory, re 
search lab, or domain of baste mathematical research betore 
emerging with procedures whieh are overmatched with 
the problems it is often pretentious enough to “salve 


OR as a Management Method 


Dr. Simon Rae ona speech before the Amerioan Rocket 
Society at Princeton last year declared that the manager 
of the future must be a systems engineer, who will manage 
the enterprise of the future surrounded by a subordinate 
corps of systems engineers. This Veblenmn philosophy, 
evocative of the “soviet of engineers” has struck a respon 
sive chord with a coterne of engimeer-managers, and be 
worthy of some serious consideration by managers, and all 
thoughtful citizens of a tree society. Russell Aekofl im 
Management Scrence published a widely discussed article 
suggesting that management will become “automatie’” 
the future through the appleation of mathematical deer 
sion making, abetted by the computer, These are the 
ultimate conclusions of serentifie logical positivists armed 
with certain fundamental asstimptions about the nature of 
business managements i business today, as well as many 
of the traditions of a free soemety. Tacitly it places OR 
ina category of having a monopoly over logical processes 
in business deemion making. What ims mot that 
present managers have to change, but that they ret 
abwdieate. Presumably this is to be done voluntarily 

Yet in assuming that the business firm obeys the laws of 
biological organisins, of thermeadynamics, of physies, or of 
mathematiceal probability, the OR serentist im arriving at 
a generalization which will not stand up even under his own 
rules for seventifie logie. positivist logical serence, each 
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yeneralization up om layers trom the raw facts 
through successive connections of the lower layers im the 
form of laws. This structure i perfectly acceptable for 
What called “closed because each 
yeneralization can be reversed and tracked back down 
through the layers for with thy basi tuct~ 
Which remain unchanged. We know that the concepts have 
hneniiitiy nod the laws are true beentse the deduced tact- 
are verifiable. This is untrue in suffievent in 
business to cause a true screntist to abandon the concepts 
In we can never be sure that we are rigghit 
accepting a law, we can only be sure that we must reyect 
owhen one single contradiets it. The use of pre 
definitions such as OS out of to the serentost 
mens that he cannot even reyect the law, any more than 
he oun at 

The of charmimnatic leadership upon decisions, the 
nupathy, irrationality and sentiment of the forces 
of ethies, and sociml values, political relationships, and all 
of the fuzzy and often wrongheaded but) aggressively 
decisions in business require a new approach 


entirely to the problems of toensuring probability these 


areas. “The basic assumptions of choosing sttable 


analogy of business structure by the OR serentists are 
likewise on quite shaky ground due to these shitting and 
yrowing forees. We must conelude that OR is simply 
within the context of some speci! aren, such os the 
fanetion, or other areas of closed 
knowledge ‘This is a far ery from the exalted status which 


ms elamned for at by some ob its tore Op portiitistic 


\ 


ents, not that Industrial Kogineering ts a slight nor in. 
significant contobutor to our industrial system by any 
means. OR'S potential as a professional contribution to our 
standard of living and iereased efficieney is enormous. It 
is bordering on castistry to suggest that i is more than 
that. As ported many years age, miministration 
isan aspect of domg business that is distinet from the 
technical, commercial, finaneiml, accounting, and security 
functions. To attempt to absorb administration into the 
technical funetion is a disservice to both 

Sugeest pons ms to ut of the poverning lorces in 
business os an offen harmless and sometines helpful 
process. We learn something about business management 
mn considering the useful fietion that it obews the laws of 
thermodvaamies, or physies. We might learn as much by 
considering it as drama, for example, having the basie 
mgredhents which Burke deseribes as Act, Seene, Agent, 
Agency, Purpose. Considered in this light) we ean study 
more mtelligenthy what people are domg and why they are 
domg it with certain objects ina certain situation, but not 
by tmathematien! methods. Armed with some knowledge 
of the baste formes of thought which are in accord with the 
nature of the world as all men experionee all 
behavior, we have a useful tool for understanding business 
be closer tothe truth to “uy that the tools of social 
mvestigation have not vet been devised to ervstallize the 
nature of our midustrial system. Certamly, by the 
very standards with which the serentist must evaluate his 
own work, the Operations Researcher has not vet developed 
much more than exerting and extremely fruitful techniques 
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Running an Operations Research Department 
in an Industrial Organization 


By A. W. Swan 


Whe partment, C‘ourtanulda Lid... Coventry, England 


There ts a fundamental difference bet ween an Operations 
Research Department as it exists ina Ministry or in a 
nationalized industry and an mdustrial company. Ina 
(aovernment or organization, an peru 
tions Research Department is set up by deeree; and 
although there may mot bean that all concerned 
Inst co-operate, itis not necessary for the Operations 
Research Department to prove its success financially or 
otherwise. Tnoan industrial company an Operations Re 
search Department does have to prove itself by results, 
net perhaps financial, buat of practice or 
complete control by management. This funda 
mental difference menus that practice itis a sound poliey 
lor an Operations Research Department to 
stuart timlestly, i have one or two resounding 
sticcesses ola practical character early mits life, and then 
bold up trom that pomt. From many examples whieh 
could be taken, an mteresting one is that of the statistient! 
sampling and Quality Control Chart seheme for hot rolled 
bar whieh wee puto oat Steel, Peech and Tozer Ltd.'s 
branch of the United Steel Companies during and 
1047. This was then first effort in Operations Research 
was so sueeessful financially and otherwise that the 
result was the formation of an Operational Research 
Department at Steel, Peech and Tozer Ltd., 


been funetionmge successtully ever since, 


Whieh has 


Terms of Reference 


The Operations Research Department in an medustrial 
firms essentially an mternal consultancy helping manage- 
ment to solve any type of problem which may occur. Its 
work, therefore, may Cony that of the HMeonomies 
Section, the Sales Department, the Production Depart 
ment, Research, ngineering (with special reference to 
Maintenance), Work-Study, and Organization and Meth. 
ods. Tt mught be thought that there is some overlap bet ween 
pots Research and Work Study on the one haned 
ned Organization and Methods on the other. As far at 
Work Study is coneerned there may sometimes be an 
overlap, but in general, Work-Study is a continuing fune 
tron dealing with tine-study and method-study, with 
particular reference to the setting up of rates of payment 
and the improvement of production, whereas Operations 
Research has essentially an mivestigating funetion domg 
one jobata time. Organization and Methods, as normally 
defined, deals with office procedures, the designing of 
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forms, ete. and again is not what is normally understood 
as Operations Research. The Research De 
nt, Whine working is dleseribed itt this paper, 
several occasions assisted the Work Study Department im 
the same company and is invelwed, as vill be shown, 
along with the Organization and Methods people on a 
job to whieh it makes its own charactermstie contribution, 
There need never be any feeling of competition between 
a “permanent department of a company and the Opera 
tions Research Department since the latter's fumetron ts 
essentially to make whieh will lead reeon 
mendations that will be given te the operating department 
concerned to put inte effeet. Since the operating depart 
ment is bemg helped and there ms ne feeling that jobs are 
peril, Comperation ts, of ber, to obtain. Phe 
question of possible censure on a department at the end 
of an investigation is more diffieult. The Operations Ke 
search Department has to preserve its mtegrity, 
produce answers that are unpleasant to thier 
department coneerned. This matter can be solved with 


Staff 

Since the range of Operat rots Research activities 
defined above may be extremely wide, it is imposible tor 
there to be an expert in every branch of the organization's 
activities within an industrial Operations Research De 
partment. It is, therefore, necessary for practical rensones 
as well as for sound psyehologies! reasons to adopt the 
team method as standard practice. One or more members 
of the Operations Research Department form a team with 
one or more members of the operating department whieh 
is bemg assisted while an mevestigation ims under way. In 
building up an Operations Research Department's staff, 
therefore, it is not necessary or even advisable to try to 
have too many members whe are expert mn the organiza 
tion's activities. The actual staff in the Operational 
Research Department of a company which manulactures 
rayon and is, therefore, a chemical and textile organization, 


is as follows: 


bogimeer 

Men Teehnienl Assistant. 
Two Women 


Statistician 
Mathematicnn 

Two Women Computers Chemimt bhemg tramed 


Secretary Stutitiectan 
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All the members of the above staff who had little or no 
previous technical knowledge specific to the industry have 
acquired technical knowledge of the processes of their 
Company, but the fact that two of them were initially 
tramed, one as a chemist and one as a physicist, and that 
the physicist had previous experience in the technology of 
the company before joing the Operational Research 
Department is very useful, The staff has been built up 
defintely to inelude both mathematical and technical 
knowledge, with a continuous exchange between the 
technological and the mathematical members so that the 
technologist becomes a statistician and vice-versa. 

Selection of staff is carned out on the lines madicated, 
plus an instance on easy personality, since the depart. 
ment os contimuously muxing with management, sub- 
management, and workers null, laboratory and office, 
aidan ability to handle situations of all kinds ina pleasant 
vet manner is essential 

Finding staff ix extremely diffieult. On every oecasion 
Within the last ten years when recruiting has been required 
has been necessary to mterview a large number of 
candidates, and it would appear that very few people have 
the requisite requirements for industrial Operations Re 
search. There are those, for mestance, who have admirable 
knowledge but who lack tnagination; others who have 
confindence to the extent that would irritate the old hand 
the mull 

There is no education at present for Operations esearch 
as such. courses in Great Britain melude the 
mathematics necessary for design, but little or no statisties 
and the statistical idea is essential in Operations Research. 
The same remarks apply to traning in most other tech- 
nologies. The apphed mathematicnn who has tramig in 
dtatisties may be a good candidate i he is not too acadeniue 
m thought. The danger of the mathematical statistician 
in Operations Research is that he may become so mterested 
in the job that he forgets he is there primarily to obtam 
anawers. Since there are very few ready-made Operations 
Research people to recruit, it is necessary to take mto the 
department men, and im some cases, women, with either 
mathemationl or statistien! traming, or technological 
framing whieh has meluded sufficrent mathematics to 
permit them to continue on into the more advanced 
stages, and then to tram them within the department. 
This traming is done partly by discussion with colleagues, 
partly by taking part with colleagues in actual jobs, 
partly by reading, and partly by attendance at and writing 
papers for meetings of the relevant societies, such as the 
Royal Statistical Socety, the Operational Research Socrety 
the British Rayon Research Assocmtion, the Textile 


lnstitute, ete. 


Methods U sed 


There has been a great deal of discussion and argument 
about the methods used in mudustrial Operations Research 
and also in Operations Research appled to nulitary and 
other purposes. The fact is that the Operations Research 
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worker has to use a battery of equipment which is ex- 
tremely wide and he must be aware of every method that 
is available. Mathematics play a very important part in 
industrial Operations Research, and there has been a 
school of thought which insisted that Operations Research 
can only be done successfully by people with very advanced 
mathematical knowledge, so that Operations Research 
must necessarily be restricted to such people. [t is interest. 
ing to note that in France the emphasis is entirely different. 
Practically all Operations Research workers in) France 
(It is true there are not very many of them as yet.) are 
engineers and all the reeruiting is being done from engi- 
neers. The instruction of these people is maimly by mathe- 
matical professors, and the equipment which they are 
bemg given is largely of a mathematical character. Never- 
theless, the fact remains that their outlook os that of the 
engineer and the engineer's outlook is something special; 
he is always concerned with application of theory rather 
than in theory as such. We could learn something im this 
country, and perhaps in America, from this attitude. 

In industrial Operations Research the job can be sad 
to be made up of five parts: 

Inception and Planning 
2. Collection of information 
Analysis 

1. Report 

Follow up 

The actual techniques used, whether statistical, some 
other mathematical method such as linear programming, 
plain graphical, or ordinary common sense, can only come 
into stage 3, the analysis; and this may not be the most 
Hnportant of the stages. 

The really important and difficult: part of an Industrial 
Operations Research job is in successtully dealing with the 
first stages, and particularly in connection with the human 
aspect and in securing correct and suitable information. 
It has been said earher in this paper that the team method 
isessential, and it might be thought that this is but com 
mon sense, Nevertheless, it is a method which is still very 
rare in an ordinary industrial company because an ordi 
nary company is divided into sections, and within these 
sections the people employed are kept fully oecupired. An 
accountant, for example, does not normally have very 
much to do with the research chemists; and the engineers 
have littl: contact with the sales foree, and so on. While 
the “Working Party” method is not new to mdustry it has 
been up tothe present appled on the whole to specitie jobs 
and the Operations Research method of using a team as 
standard practice for every job is new 

The planning stage of an Operations Research job is 
far more mmportant than has been reeoguized in the litera 
ture, 90° of which is devoted to analytical techniques. 
The preliminary stages before any analytical work is done 
may be quite lengthy and involve technical study and 
organizational work of a fairly considerable character 
A good example of thix job was a job which was done at 


Workington, where the problem was to find the reasons for 
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defects in rails, and if possible to recommend procedures 
Which would reduce the percentage of defectives. This job 
eventually proved to be a very massive statistical analysis 
of some SO factors in the process of rolling rails, begining 
with the characteristies of the mixer pron right through to 
the method of cooling, ete., of the finished rail. Three of 
the factors were shown to be the principal causes of trouble 
(three needles in the haystack), and concentration on 
these three factors reduced defectives by 5067. Prior, how- 
ever, to the actual statistical analysis it Was necessary to 
make an intensive study of the technical aspects of the 
problem and of the information system, which led to 
suggestions im regard to the taking of temperatures at 
rolling, ete., and to re-organized arrangements for collect- 
ing information from the plant. This latter meluded the 
designing of a new case history sheet with the co-operation 
of the works office, a job which was in itself quite an under 
taking. It was also necessary to check whether information 
was reliable and oon this respeet also reforms had to be 
earried out, particularly im regard to the final identities 
tion stamping of rails. It was only when these preliminary 
arrangements regarding completeness amd reliability of 
information had been completed that it was possible to 
begin to collect the data and eventually to make the analy 


sis 


Working Out a Plan 


The following actual example of the process of working 
a number of in current 
practice in industrial Operations Research. Tt illustrates, 
for mmstanee, that Operations Research and Organization 
and Methods are not the same, but that the charactertstre 
9 Ro approach may be a great help when apphed to an 
& job. Tt also illustrates that itis net possible te 
divide Operations Research methods inte a number of 
Watertight compartments, statisties, linear programming, 
ete. but that any situation is examined with a free mind, 
one or more of the methods available bemg used according 
fo 

The Operational Research Department was asked to 
assist comnmection with the conversion of pon 
ter uppleation. this istanee, the 
first step Was to make a straghtlorward Organization and 
Methods survey setting out the current procedure and 
how a be applied ter this pre 
cedure. Although the present method funetions with 
reasonable success, the Operations Research worker felt 
that an eleetrome computer, sinee it can sean mn a lew 
hours an enormous number of possible plans, would make 
it posible to make an optimizing survey which would 
otherwise be tor practiea! then 
proceeded to think something on the following lines: 
“It would appear that we have a problem of balance 
between the amount of stock and the length of run on the 
machines. We can have alternatively a short cycle produe- 
thon plan in whieh the various types of product are put in 
turn on the machme for relatively short runs or a long 
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term plan in which the runs would be much longer. The 
short-term run would be associated with relatively small 
stocks, but there would be more disturbance brought about 
by changes in machine settings, while in the long-term 
project the position would be reversed; there would be 
larger stocks and less disturbance. Let us, therefore, ex 
amine the problem im this light, setting up suitable mathe 
matical models, with particular reference to the computer's 
potential capacity for examining a large amount of alter 
native solutions.” 

The above story is typical of what happens mm an meus 
trial Operations Research job. The length and complexity 
of the preliminary stages may vary, but the pattern is 
always there. 

Let us now consider the meeption of a job from the 
human pomt of view. There have been two sehools of 
thought im regard to the imeeption of Operations Research 
jobs, that the Operations Research Department should 
suggest jobs to the management and that the management 
should suggest jobs to the Operations Research people 
Both methods are naturally used im practice but itm 
defintely preferable that the bulk of the jobs should be 
as the result of requests for help. The Department 
should not be a reformung or mvestizating department 
Which sets out to put everything mght. Members of an 
dustrial Operations Research Department are bound to 
have tdeas of ther own, and these will lead to jobs, but the 
healthy state is when the department ms being overwhelmed 
by requests for assistance. [ts trae that the latter condi 
tron almost mevitably leads toa certam amount of leopoosnederel 
ness in the work, sinee an Operations esearch Department 
becomes known first to parts of the organization to whieh 
it belongs and later on to other parts, and requests for 
help will show this effeet. Patience, therefore, needed 
during the first few years of an Operations Research De 
partment’s mmeeption and an acceptance of thm lack of 
symmetry types of job. Satished “customers” pass on 
the news that the Operations Research Department is 
helptul, and the seope enlarges. Alter six years of existence 
ina large rayon manulacturmg company the 1. Depart 
ment still has ne requests from quite large sections of the 
organization, but itis kept se extremely busy by others 
that at is prepared to wait rather than to thrust itself 
forward or to wo cap on hand te those from whom requests 
have not vet been receemed 

The usual ongin of a “request” type of and this 
statement is based on expenence with a steel company as 
well as in the rayon is by telephone or a viewt by 
the person whe wishes help: and the request is as a rule im 
very general terns, somethig on the lines of the following: 
“We have a problem about so-and-so, ean you help us?” 
The next step is a discussson the office of the executive 
Who has made the request. At this discussion the problem 
becomes clearer, and it is then powuble to begin to plan, 
and to form the team consisting of one or more from the 
Operations Research Department and one or more tom 


inated by the executive who has the recquest 
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Next comes the working out of the method to be adopted 
Which covers the information available and to be obtamed, 
and the method by which thix is to be analyzed. In the 
Operational Research Department whose work is bemg 
desenibed, 9O% of the analyses have been made by statis- 
tien! methods. This does not, however, prove that statistics 
is the only, or the best, means of dealing with these prob- 
lems. Tt only shows that the Operations Kesearch men in 
question think most naturally in statistical terms. A certain 
well-known British O. RR. authority would in all probability 
tackle the same problems by setting up in his mind models 
mn tertis of crystallography or some other physical concept 
and he would be equally successful, 

The form of the information available and to be made 
available ow oof fundamental importance. The industrial 
Operations Research worker seldom finds that) the in- 
lormation available ism the form he needs it, and whether 
he Proponer to use works or office data or arrange lor a 
special expermment, careful planning will be needed 

On the personal side he must be careful about what may 
be called protocol If, for instanee, more than one mull os 
concerned in the problem and data are to be secured from 
each null, be must be careful to see that the manager m 
ach case is kept fully aware of all that is happenmg and 
ms comsulted in regard to any visits. Tf separate sections 
of an organization, such, for mestanece, as Sales, Research, 
Accounting, are my olved, he must see to that the 
Various executives are consulted and kept mformned 

The above may seem trivial and even, perhaps, absurd, 
bait thos os far from bemg the case. The courtesies of buss 
ness have not grown up by accident and they deserve full 
consideration. Without such consideration an Operations 
Research Department will fail Cooperation cannot be 
obtamed from a man who is offended 

Planning may be divided mito two sections, long-term or 
strategical and short-term or tactieal, Long-term: planning 
ax has been mdiented with discussions with the 
executives who have put the problem, and at this stage 
the question of data has to be decided with particular 
relerence to whether works data will be adequate or 
whether a planned experment must be made. The stat 
istic always prefers the planned experiment; and if he 
is lucky enough to be brought moat the pilot stage of a 
process, a planned experment may be possible. If, however, 
he om dealing, as he usually om, with a process which has 
settled down through trad and error to a reasonably satis 
luctory level, he wall find that the planned experiment 
with ots fairly drastic variations on normal practice will 
he unacceptable to the production heads. If, for example, 
one were examining techies! charactertsties of the produc 
particular kind of ravon filament, the worker 
nought wish to have an experiment in which quite a number 
of factors were vaned over a suttable length of time, 
spinning speed, acid concentration, ete. Tle would find, 
however, that the actual range of Variation possible int 


view of production commitments would be relatively slight, 


272 THE JOURNAL OF INDUSTRIAL ENGINEERING 


and that a planned experiment in the full sense could not 
be undertaken, 

In this connection, Dr. Box's “Steepest Ascent” method 
provides hope as giving a statistical experimental method 
Which is acceptable from the mathematical point of view 
and which does not upset production and is therefore 
acceptable to production heads. 

An important stage in long-term production planning ts 
the assigning of an O. R. worker to the job, and in this 
connection there arises the question as to how many jobs 
the various members of the Operations Kesearch Depart- 
ment should have on hand simultaneously. There are two 
aspects to this problem, the practical and the psychological. 
From the practical point of view one has to remember that 
an Operations Research job consists of several fairly well 
defined stages: mitiation, collection of data, analysis, 
computing and report. The worker is concerned im the 
first stage in the planning of the job, but when it comes to 
collection of data whether experimental or works data, he 
will have to wait while the data accumulate. This may be 
a period of from a few days to several weeks. When the 
data arrive, the worker will be busy on analysis. Thos 
generally leads to computation which is passed on to the 
computing section of the department. When the computing 
is completed, the Operations Research worker again comes 
into the pieture to write the report. When the report. ts 
completed, he submits it to the executive who has asked 
the question, and waits for a reply. When clear, the report 
is typed and issued. 

It will be observed that im this Process it is possible to 
be personally occupied ona specific job only for a relatively 
small proportion of the total time which that job requires. 
It ix, therefore, evident that unless he is to be idle he will 
need to have more than one job on hand at a time. 

There ts also the psychological aspect. The worker has 
much hard and orginal thought to do, and very few people 
to turn to for help. [t as, therefore, important that he be 
assistance in regard to interest, and particularly tw 
wee that there is no danger of monotony leading to stale- 
ness. [tus advisable from this pomt ol view that the ¢ 
tions Research worker have two, three, or more jobs at 
one time, the number depending upon the practical con 
siderations given above. With an arrangement of thos 
character, a balance be maimtamed between the 
Various sections of a job: and the (Operations fesearch 
worker can feel he is fully vet sensibly oecupied 

It follows, for both practical and psychological reasons, 
that the worker in an industrial department will have two, 
or three, perhaps more jobs on hand at the same time. 
How os he to plan this distribution of work? A fairly ob- 
vious Way is to see what proportion of time on each job os 
likely to eall for his personal attention. Tf this is say one 
quarter and he is to be completely occupied on jobs, he 
will take on four. This, however, is not sensible. The 
proper thing to do, in this instance, is for him to have 
three yobs and leave himself some time for reading and 


research thinking. 
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\ svetem, such as that outhned above, calls for control 
othe department i of anv size. This ean be provided 
Without resorting to complenated methods by the use of a 
Visible Card Tndex im box or book form as deseribed 
below. Phe actual svstem desermbed is in the form of a two 
page book whieh contami sixty 8” cards, 30 
each ecard having a visible udex along the lower edge 
The right-hand page i devoted to jobs which are actually 
progress and the left-hand page to jobs whieh have 
recently completed but lead te others, and te 
jobs which are temporanty in suspension. The method of 
use is simpliaty itself. The body of the card serves as a 
diary of the job. one entry bemg made per week. The 
Visible stripe ts divided mto weeks and shows how the job 
has been and is progressing. Phere are four types of visible 
midex signals. Yellow shows the date on whieh the job 
began. Dlue idientes that the ps satis 
factory Lied shows a delay the departivent 
possibly by congestion in the computing seetion. Coreen 
indicates a delay external to the department as im the col 
lection of data obtamung a deemion from the executive 
at one ot the mulls 

Onee a week the schedule is brought up to date and 
examined by the head of the department 


Reports 

The Reports of the Operations Research Department 
should be written always with a speeiie person im mand, 
namely the orginator of the request for help. This may be 
the Managing Director, the Director of Research, a Mill 
Manager, an Offer Manager, or a Techneal Manager. In 
each case, there will be a slightly different approach. An 
amusing and actual example was one report on a technical 
matter Which was written for a certain Dr. X., who was, as 
desenbed by the Operations Research worker, a “sinple 
soul’. The report was written, therefore, in simple ele- 
mentary terms. Tle was succeeded im his job, however, 
before the report was completed, by Dr Yo, a much more 
sophisticated person im mathematical matters, and the 
report Was rewritten ae cordingly 

The emphasis ina report always, however, results from 
the tact that the oaun desire of whoever orgimated the 
request, however unsophisticated or sophisticated he muy 
he is to secure answers to certain practical (guest loti, It is, 
therefore, standard practiee in the reports of the particular 
Operations Research Department deseribed to begin all 
reports With a stummary contamiung the following seetrotns: 
Object, Results, Recommendations. This summary 
followed by a full deserpption of the method emploved and 
the results set outoo tall. Miathematreal details are given 
in specml appendices. The language used is as simple as 
possible, and jargon of the statistieal or mathematical 
kind is not used exeept in the appendices 

The summary, it will be observed, ineludes a 
of recommendations and this is standard practice. In 
earher davs it was thought by some that mdustrial 
fesearch Was to some extent akin to pure 
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research, and that it was suffierent to set out results with 
mit giving partes Norse 
low his ‘iw, however, is treet necepted by 
the Ro Department coneermed whieh not comudered 
to have completed its service until ot has given 
recommendations tor actron. These recommendations are 
lor use the permanent department whieh helped 
by the heads of that department and not by an Operatrons 
Research worker 


Analysis of Actual Jobs 


The actual program, whieh meludes analytienl methods 
Let us, as a matter of praction! mterest, chert 
at some ot the yobs carried out by an rial Operat rons 
Research 


Vachine Tnterlerenes 


te then on the workers” “‘shuare’” on 
other simular partreularly from the pomt of view of 


Preliminary Planning, Team, Data 


The first stage was an intensive study of the lterature on 
machine imterference with partreular reference to the 
Benson and Cox. amd Asheroft formulae It was ceentedd that ot 
wetted le te take tome stuces to a 
pattern. the actual te be bey sholled study men 
and that these would prowide data whieh could then be analy zed 

The team cotsited of one member of the Operational esearch 
Department and «a number of study mets 


were from the tome stuces mentromed above 


and Computation 


The analytical methods used were fairly «tranghtforward the 
«tatestreal Analyvem of Varnnee, the Test, ete bet 
in if Was necessary te work out tables for the Asheroft 
formulae bevond the The computation was 


nassive particularly because of the Asheroft caleulat rote 


fx nel Me nelationa 


The «howed that some of the known formulae were ay? 
plicable under certam and other ander certam other 
conditions and how te use the formulae to the best advantage, alee 
practice A Commuttee of the Work Study Department ane 
the Operatironal esearch Department was set up te provide a 


put these recomendations mte efleet 


Tuisting Production 


The origin was a request from a Twisting Department to see 
what measures could be taken te merense tte produetron with 
ular reference te thee of rune of 


Planning, Team, Data 


\fter careful consideration the method adopted was to «mulate 
alternative of thm the called Monte Carle 
methel, and extimate the Mititin that would accrue if a ratronaliza 
thom program were adapted 

The team cotm-mted of two member of the Operational He 
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cearch Department and beads of department« at the mull as re 
quired for consultation 
There were relatively little actual data available. and it became 


a questoon of creating «vathetic data by the Monte Carlo method 


lnalysis, Computation and port 


The stage wae a ron. ning band punched cards to 
extimate the potential financial gare if a full scale were 
uidertaken These were indicated to be of a very substantial 
order The next War te make a full «cale ati 
electron Computer on a service basi The job in progress at thie 


of writing 


Maintenance 


A request was made from the engineernng side of the company 
to the Operational Heeearch Department for data on the effective 
life of a certain proprietor, valve used in large quantitie. in the 
manufacture of viscose This was put ona fortial basis by reference 


te the engineer 
Preliminary Planning Team, liata 


With the cooperation of the management in two mulls whieh 
use large of these valves, a survey was carried out 
This wae followed bry consultation with the valve manu 
company resulting mm several constructive suggestions 
with the of one of the mull full 
“cole has been planned and will give quantitative information 
regarding optimum valve life 

It was found that data were very scanty and one of the first 
results of the mquiry Was to make very strong recommendation» 
that better records be kept i a partecular form of the life of 


the valves in service 
lwalynin f amputation and We por 


The job is still in progres. 


Tame Study and lating 


The ongin of this Was an interest in time study by one 
of the Operations esearch workers combined with certam 
sheptremim about the validity of the clams made for rating The 
Was an analyse of the relatronship of observed times and 
rates! times number of routine time studies taken at different 
witha view to determining to what extent rating im eflerent 
novel the varnous factors which affect the time study man's ef 


in thee respect 
Preliminary Planning, Team, Data 


With the of the Work Studs tent 


ber of recorded tame studes were for 


Computation and pot 


The first stage of the analyveim consisted of examination of the 
slata provided regarding time 
thon curves of oleerved times, rated times, and ratings \ further 
stage Was regresston analyst of observed against rating 
There was little computation of the onhioary kind, but a econ 
sulerable amount of drawing of regression scatter diagrams and 
curves From the above con 
clusions were drawn m regard to the eflerenes and otherwise of 


the rating with suggestions for 


Weavalality Trials 


technical member of the Processing asked for 
assistance to design and analyze trials to estimate the compar 
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ative merits of different types of in warp weavalality trials 
(“Suze"’ ix used in the textile sense to deseribe coating material 


apphled to thread to improve weavalulity 


Preliminary Planning, Team and Data 


There were discussions with the originator of the problem whe 
made up a team with a member of the Operational Research De 


The lata vere provided bey the 


Analysts, Computation and Report 


Analysis of Variance and associated techniques were used 
In the Keport attention was drawn to the <izex with the best 
performance. This is a continuous job) leading to successive sug 


gestions for improvement 


Summary 


An industrial Operations Research Department has to 
prove its worth in practical results, by reducing costs, by 
uoproving quality, or by bringing about simpler and better 
methods of management. It is concerned with long-term 
fundamental investigations and with bread-and-butter 
problems. [tis not concerned with pure research exeept im 
the development of its own techniques 

Operations Research im industry works as an internal 
consultaney helping other departments which require the 
special kind of help which an Operations Research Depart 
ment can give or that are too busy to be able to mvestigate 
ther own jobs fully. Its prime purpose is to provide 
practical answers to practical questions. 

As a consultancy an industrial Operations Research De- 
has no executive power and te 
It hands back results and recommendations to the depart 
ment which asked for help so that this department can 
put them imto effeet. The mnportance of these characteris 
ties cunnot be overemphasized since, if they are fully 
understood, they will prevent rivalry or difficulty between 
the Operations Research Department and the operating 
departments in the company which asked for help. 

An mdustrial Operations Research Department requires 
lor its staff both those who have a mathematical back 
ground and a special knowledge of some technology such 
as engineering, physics, or chemistry, and 
tramed as such. An essential mgredient om all members of 
the Operations Research Department, whatever their 
trang may be, os that they are interested im and can be 
frends with colleagues im all other departments of the 
company for which they work and at all levels of impor 
tance 

A special contribution of Operations Research to in 
dustry is the use of the combined working party on a regu 
lar basis, the working party cuttings across established 
functional divisions if need be 

Planning is of paramount importance im industrial OR 
and within planning the most important factor is the 
personal one in Which smooth working with one or more 


operating departments is assured 
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Statistical Procedures in Standards Auditing 


By 1. Landis Haines 


Standards Technical Industrial Engineering Division, Lukena Steel Company, Coatesville 


and Paul bk. Green 


Ohne of the probleris mall Wage tneentive plans is the 
of accurate standards over a period of vear= 

\t Lukens, we have a planned program for mamtaming 
the equity of our production standards. This program 
comprises several different controls, the most effeetive of 
Which isa periodie audit of all our premium pay plans, now 
numberng over a hundred. Naturally, with such a volume 
of ineentive plans to be covered, it has been difheult to 
complete the audit evele as often as we would lke. An 
approximate two year Trequeney ob review bs our ultimate 
youl for this phase. To keep these audit- 
likewise to maintain a consistent viewpomt of standard 
throughout our plant, this funetion is handled by a small 
reporting directly to the Manager of Industrial 

\~ our orginal standards have been set by tome study, 
this review or audit consequently, is made using the same 
procedure Customaniy, in these audits, we have been 
nearly as comprehensive and thorough as we were in de 
veloping the standards mutially. As such a procedure takes 
considerable time, we were contronted with the problem of 
Keeping up with a constantly schedule. It wae 
with this problem on mond, of how best to accelerate our 
procedure, that we began to mvestiggate statistient! 
techniques, In order to prove effective, these statistical 


would have te necomplish obyectives 


| They would have to reduce the overall tre «pent in making 
the 


4 beers have te provide leyree of 


rable to the more comprehensive procedures 


The Statistical Problem 


The foregoing represents the auditing problem, te., how 
conta titne recdluced us to 
permit faster coverage) while mamtaming suffierent rel 
ability in the results of the method employed? The statisti 
enl problem is one of hypothesis testing 


theory and conta the followimg elements 


1 An underlving “true situation eximt- 

The standard validly covers preeent performance 

b The «tandard does not validly cover present performance 
2 Us<ing sampling, a certain number of observation< will be 


taken whieh wall bee tes the absove bes prert bier 


September October,.1957 


Lukens Steel fom pany Pennaylrania 


4 The awhitor can make two error (in language 
error of the first amd second testing by pet 
with: 
a ean suv that difference exits between prevailing 

stamdard and true current copper rat when. om taet, ne 
difference does exist Cerror of the fir«t kine of alpha 

ean sav that « difference cloes net exit between pre 

vatling standard true current operation, when, om faet, a 


difference does exit Cerror of the «ecomd hind of beta) 


The Setting of the Problem 


In our particular operations most standards are set up on 
relation to certam charnetermties of the 
weight, diameter, gauge, surface area, ete. Tnasmuch 
the nature of our business is largely job-shop, the tables 
are desygned to cover as wide variation in product max 
as practicable. Table Lisa typreal example from one of our 


standards bulletins: 


TABLE. 1 P 


Vlate Area Plate Hes per Pieve 
tn 
5 


\s con be noted from the table, the relatrouship im lear 
within the range covered and amounts to a 02 standard 
hour merease per square meh merease im plate aren 

“Proving out” the accuracy of tables such as these ean 
be a perplexing problem. The auditor ean find, for ex 
ample, that the lower section of the table is loose and the 
upper section tight so that, overall, the two may tend to 
balance out. Although situations such a= these can arme, 
the audit group must always weigh the cost needed for 
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vreater aecuracy against the pay-off derived from 
degree accuracy. brom the depart 
mental policy, pertams to the average ae 
euracy ol the total table and not to that of each individual 


The Method of Paired Differences 


bor the test= to bediscussed it is assumed that the sample 


observations (lime studs) are taken at random and are 


representative of the normal universe under study. Al 
though these conditions are often diffieult to meet 
practice, our preliminary checks that these require 
ments can be approximated. The procedure thus i con 


ducted as follow. 


‘The «tandard- proceeds tuke a 


of the work flaw covered ty the 
study “This checked by product mas 
tam tap tae lieve thee tlesired representativeness 
2 The time «tudsy data i then converted into «tandard 
differences of the present stand 
ard ure computed 
5 iaeed upon the results of this test. the auditor decides within 


certain error tieks te 

(a) that stomedard mlequate coverage 
Ol present perlormance 

(hy bay greet that standard mle quate coverage ol 
present perlorinance 

©) Take more observations until Ga) or finally reached 

6 When conclusions have been reached from theme texts. the 

results 4 recommecndation= are submitted 

im writing te the Operating Superntendent and to the Zone 

responsible for the particular meentive 

plan Tf corrections are neeessary, the zone engineer then 

has additional studies taken to revise the produc 


An pl 


Referrmy again to Table 1, we assume that the Stand 
ards Auditor takes current studies on the backing plate 


operation, yielding the following data 


TABLE. 2 


Sample Results on Time to Flatten Carchon Steel Backing 


1 It). 
4.50) Is, 


Does the sample evidence mdicate that) the present 
standard validity cCoVvenrs true current operation? birst, it 
risk level must be stated: suppose an alpha level of .05 is 
Chosen. This menus that if the hypothesis (universe paired 
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difference mean equals zero) were indeed true, the employ 
ment of this test would in the long run lead to a reyeetion 
of this hypothesis 5 times out of LOO) This risk of resection 
of «a true hypothesis is an error of the first kind or alpha 


The following computations ure made 


TABLE. % 
td Hrs Poeve 

tatwlarad 

14 It) iW 

It) It) 

iW 

Is " 

" 

Zl Zi 

Zi (wml 

Zi + 

27 iW 

$1 + 

w ins 

(wml 

$5 $2 + 

1. The sum of the parred differences vsample results minus 


present ~tumdarcd 

2 The sum oof the squares of these pared differences See 
Table 3 ° 

4. The determination of the standard deviation Sp of the 


sample proceeds ue Hlow ~ 


Sy, 


where sample 
Paired difference 
The sum of the 15 paired differences and differences. 
squared (from Table 4) are 1S (WHT respectively 


Substituting on the formula above 


D Va p= 21012 


Sy 


where Dis the arithmetic mean of the paired differences with 


out regard to algebrare sign (equal to or 


Table 6 shows, for an alpha level of 05, the associated ¢ 
Values for respective sample sizes. computed is 
less than or equal to tabular (4, one accepts the hypothesis 
that the true paired difference mean equals zero; if com 
puted fis greater than tabular /, one rejects this hypothesis. 
The tabular (in Table 6 for a | sample size or 14 in this 
ease is Since computed 7" less than the tabular 
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f value, the auditor accepts the hypothesis that mo differ- 
enee eXists or that the present standards are valid. He 
realizes, of course, that he may be accepting a false hy- 
pothesis, viz., the observed data may lead him to believe 
the underlying true mean difference is zero when actually 
is 

To yun some sight into what this beta error is, the 
consults an operating charnueteristie curve (See 
big. 1). Suppose he desires te have the probability of eom- 
a beta error no more than when the population 
Value is one standardized difference away from his hy 
pothesized value. If the universe paired difference mean, 
lor example, were O16 with a O16 (assumed) universe 
standard deviation how frequently would he accept the 
hypothesis of zero difference? Consulting the operating 
characteristic curve for lO and standardized difference 
equal to one, he finds that the probability of erroneously 
aecepting the hypothesis of zero difference is only 05, or 
well within his eriterion. the probability exceeded 10 
the auditor would have been foreed to take more observa- 


tiotis or change his risk eriterion 


TABLE 4 


Ne barred fhe renee 


Number Sample Results Present Stanclard « 


27 
5 41 
th 2h 
ri 22 
s 
" Is 


practice, with given msk levels and knowledge of the 
population standard deviation, tables are avatlable show 

ig the sample size required ne advanee know 
isaVailable concerning the universe standard deviation, the 
auditor can take a small sample (eqght to ten observat rots) 
“ous to arrive at an estimated standard deviation of the 
universe Which he ean employ to obtaim a crude estimate 


of the sample size needed 


Sequential Sampling 


In coses where the underlying situation is assumed 
markedly different from the standard in use, the auditor 
may Wish to forego using a fixed sampled size and carry 
through his analysis on a sequential basis. This procedure 
is particularly appheable in cases where the cost of takong 


observations ms high. 


An 


To demonstrate how this procedure works, suppose that 
the auditor were to assemble a different set of obeervations 
on work covered by Table | whieh yielded the data, m 

burther, let us assume that the auctor uses the risk 
levels of alpha and beta one standard deviation 
With this Table comstructed and the last 


column (Col. 7) plotted on big 2 


5 


con be noted by the shape of the operating character 
istic curve, small differences im the true situation versus Paired C uenulative € 
the hvpothesized one wall lead to fairly high beta errors ret — 
but for large differences this msk markedly declines which 
isin aecord with what we would like a test to deteet. The ot 
iti the mask of an erroneous deemion 1 
Size Dete o 
In the example given, no mention was made of sample on 
size determination required for the hypothesis tested. In 
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thus the sequential test (knownas Barnard’s 
Test) Reference 1) indicates that the hypothesis of ne 
change would be reyeeted at observation number six which 
crosses the “loose” standard line. (See big. 2). general 
the sequential test ree quires lewer observations tw reach 
decisions than the fixed sample size test, but does require 


enleulation after each observation 


Application and Conclusion 


Both of the tests deseribed above are relatively simple 
meolar as caleulations are concerned and can be taught to 
the standards auditor in a of time; ther utility, 
of course, les in the assistance and not replacement of his 
ther success requires meeting the 
of representativeness and randomization in the sampling 
process itsell 

We investigated these techniques at Lukens to meet a 
specie need: greater speed of auditing. Actually, they are 
still too new with us to make an aecurate appraisal of their 
full based on an estimate made by 
the inn pertormiung the standards auditing, he will save 
approximately SOO man hours of time study in our first 
yeu applic ution. As we experience with these new 
techniques and we step up the frequency of our audits, even 
greater savings im manpower ean be anticipated for the 


(1) Cowen LL Design and of 
baperments, Hatner Publishing 151 
(2) Lo Ackorr, Design of Social Research Univer-ity 


al Press 10535 
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TABLE. 6 


Sample Size (n Tabular t Sample Size (n labular t 
2 576 2 0706 
22 2.0749 
7 2 25 2 
2.22 2) 2.055 
2.2251 2h 2 
2 Ao 2.051 
2.175% 2s 2 04M 
14 2.144% 2 
2.1415 2.0211 
It) 2.11% 2 0005 
Is 2 loos 1 
2 
2 Os) 


If computed is less than or equal to tabular for 1 


sample size, accept “null byvpothesis otherwise, reject 
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Labor Looks at Automation 


By Jerome D. Schaller 


asl / abel ve ane harm Mie lations. Vinnesota f hede vation et 


\utomation is a which has mterested the leading 
industrialists, labor lenders and governmental leaders ou 
this country. Most of vou are in a position where you 
inderstand the mechanical applheation of automation to 
an tnidustry, and Tam sure that most of you are ina far 
better position than? torealize the full value of automation 
to the business lite of Amerten 

hor months now the publi relations department 
of the Minnesota ARL-CTO Federation of Labor has been 
collecting literature, speeml material and other data 
from Various sources on this stibyeet It would seem to me 
after reading the material whieh has been prepared by 
outstanding people trom all phases of Amerean lite on 
Hitemation that there are and varied te 
the efleets of atitomuation on the Aterean 
the wav of lite 

would like to convey many of the ideas and thinking 
Whieh os currently bemg expressed by lenders labor, as 
well as leaders in business and povertitnent, on t hits stibyeet 

Meany, president of the has said thie 


bom: 


these 7 changes The new teeh 
niques offer of higher living -tamlard= for all, a greater 


We fully realize that the potential benelit< of automation are 
af Tf only a fraetron of what technologist« 
tor the luture im true Within a very few Vvears automatron 
ean and should tiake prom telay work week. longer 
Tor ¢ irlier retirement, as well as vast on 


creases tho our matertal <tamlards of living 


Joseph Beirne, whois president of the 
tions Workers of Ameneca and an ARL-CTO vice president, 


sated: 


“we tiie’ atl bere fatima? Were i? i 


trated lor ourselves the \ineriean 


clisetissing automation, these Amercun labor lender 
have protrited out that labor has not met this age of progress 
with fear, but with hope. At the same tine, however, they, 
biceps moore than else, are of the 


problems that automation will create for the working 


of May 21. 1057 


September October, 1957 


of Amerwa. Mr. Nat (soldtinger, whe with the 
Research Department of the AR L-C1O, has been assigned 
the full-time task of watehing the progress of automation 
throughout the United States, as well as working out the 
probletus ane the TICES of these mew tee 
ndvances 

Perhaps for the reeord, we should stop for a moment ane 


decide exactly what we feel automation ps. 


Automation vs Mechanization 


In brief. labor feels that there are two factors mveolved 
inatutomation a machme todothe work and an automate 
ten at, 

Automation ts not mechanization. 
replacing human labor by machine while is 
replacing human control by machines 

In other words, in mechanization a man thinks for the 
machine, in automation a machme thinks for a mache 
In mechanization, the machine does the work but a 
regulates it. In automation, a taechine does the work but 


another mache regulates 


of Automation 


Labor eoneerned about atitomation tor what 
aiitomation wm already here. would lhe toe cette some 
examples of automation that are already here 

The Ford Plant om Cleveland has one machine to 
control a unit the length field which peer ber 
separate operations aod turns out LOO engine blocks an 
hour. In this operation men are now tsed of 
As a matter of tnet. one takes the venti. thas 
and ends up producmg an engine block at the end of the 

Mares Took, Pennevivanim, one man literally bas 
foger-tip control over an entire ‘This tay 
sound a Rube CGraoldberg cartoon, but itm a down-to 
earth reality 

In Chicago, two men om a rade plant assemble 
radio a day with automation. This used to require 200 
men. In the ol automation has advaneed to the 
pomt where a handful of can run an entire 
S400 mullion plant by remote control from a panel of 

In some plants, the entire canning process melding the 
mantiiaeture of the cans and cartons im completely 
niitotmuatie 

here. M Honeywell Company 
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developed a precision boring machine, used im aircraft 
equipment production, that can bore holes with an ae- 
curacy of one-thousandth of an inch. Electronic signal 
from a tape move the blank metal back or forward, rotate 
Hointe position, and then turn on the boring mechanism 
to cut the hole exactly where it is desired. This automatic 
is specially suited for a medium-sized production, 
in dot® of several hundred parts. 

The retailing field has also put autotmation to use, partic 
larly inventory control, The special-purpose inventory- 
control computer at the John Plan Mail Order Company 
in Chicago is reported to handle 90.000 tallies a day, 
keeping track of inventory on the 8,000 items in the firmn’s 
catalogue. 

White collar workers are perhaps feeling the greatest 
col bon eXatuiple, it fairly large 
company Uses a general-purpose computer for 7,000 daily 
premiimn billings and accounting, 20,000 monthly dividend 
ealeulations and accountings, and L30,000 monthly agency 
commission caleulations and accounts. [tos reported t 
the management of this company feels that i will run the 
computer an average of GO hours a week and there will be 


nosaving of from 175 to 225 clerical personnel 


Problems of Automation 


Its, of course, easy to realize that all of this automation 
wil have tremendous toplieations for the national 

Automation will inerease productivity considerably. But 
nereased imanhour output without imereased total pro 
duction and growing constimer markets is a formula for 
depression Without customers for the mounting cmitpout 
made possible by productivity, unemployment ts 
mevitable 

Unfortunately, there ts no automatically self-adjusting 
market to mmedimtely absorb the yearly mereases im the 
labor foree, as well as workers who will be displaced or 
require retraming. And we lack a self-adjusting eeonomic 
mechanisin to provide tomedimtely a rapidly-rising con 
sumer buying power to sustam high levels of production 
and employinent as the potential output. of goods rises 

This country ts not alone in realizing that automation ts 
upon us. Phere is, however, some question in the minds of 
whether or not the people iti nidustry, 
and those who are the leaders in our economic strategy are 
probing the depths to whieh automation will affeet this 
country as are governments such as bonglane. 

In March of 1956, the Department of Serentifie and In 
dustrial Research of Ter Majesty's (aovernment 
KMngland devoted a very extensive study to automation 
and all of its ramifientions. In stummarizing some of their 
conclusions, the department saves, and | qqote: 


As expernence of automation grows, its future importance to 
the nation becomes merensingly apparent) Like other advances in 
technique, it will increase efhierency and should, therefore, reduce 


costs... automation can also increase living standards although 
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itis to forecast how the gains will be divided the social 
side at seems likely to increase the national requirements for skill 
and cut out a number of the dull and fatmuing 

At the same time automation is likely to create serous prob 
most of them common to all forms of technical advance, and 
must solve them automation processes are to spre ul 
widely without the social and economic dislocaton which marred 
the early history of the Industrial KMevolution 

So far as factory management is concerned, automation in 
creases the need for planning in order to minimize the technical 
inflexibility of highly integrated plant, to establish preventive 
mamtenance and to pros ide for continuous running of machinery 
Techniques of management that are now needed to handle labor 
will give ground to new techniques that suit automatic processes 
for instance in the systematic study of operations, the use of com 
puters and the control of costs 

Finally, the transition to automation will be greatly extended 


if attention im given to the needs, feelings and problems of the 


workers concerned andif the trade untons are consulted in advance 
of each step. At present. interest tends to be focused on the poss 
lnlity of automation causing unemployment. But this is not likely 
tobe a serious problem if ite introduction is not too rapid and if 
state of full employs ment continues so that re teamed workers can 
be carefully reabsorbed. is important, however, that) 
should plan their manpower requirement well ahead in terns of 
numbers, «hall and formal pote amd so avond, wherever 


the of having too much or too little labors 


And the report goes on to say, and believe this 


perhaps most significant, and quote: 


In conclusion, one truth stands out from this report the 
of present knowledge and the economic and 
aspect of automation, when compared with the kKnowledge of the 
technical pes It becomes more vital each vear to extend 
more of these by research and exchange e\pericner 


expecially by ease histones of firms with automat Processes 


quoting so extensively from the British Government's 
Report, | do not mean to minimize the awareness which bs 
at least evident on the part of some of our leading govern 
mental officals. Ina statement from the subcommittee on 
economic stabilization, we can see that they too realize the 
significance of the economic and social aspects of auton 


tion. In ther report they say: 


However much we may recommend the advancing technologs 

however We be that the cot 
will not be sermous ne one dares overlook or deny the faet that 
many modiveduals will suffer personal, mental, and plhysieal bard 
ships af the adjustments go forward 

The best, and by far the most important single recommends 
thon Which the subcommittee can give i that the private and pulp 
he sectrons of the nation doevery thing to aussure the mam 
that those who lose out at one place as a consequence of progressive 
technologs will have no diffeulty i finding a demand for ther 
services elsewhere in the ecomomy 

The subcommittee recommends that mdustry, and manage 
ment forits purt, bee prepared the human cost of dis 
placement and retraming charge- agaist the savings from the 


mtroduction of automation 


My purpose in quoting from these sources is to lay the 
foundation for the position that labor has taken in regard 
to automation. In eCVeTY SCIISG, believe that labor looks on 
automation asa means to an end and intends that automa 
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tion should be made the servant of man and not the master. 

Perhaps at this point [T should mention a little story in 
connection with the Ford Motor Plant at Cleveland which 
we discussed earher. The story is told that Walter Reuther, 
While being shown through the plant by one of the Ford 
executives Was kidded a little and told, “You will never be 
able to collect dues from these machines,” and he 
replied, thes will never be able to buy Ford aute- 
mobiles either.” Along this line, the New Yorker magazine 
recently carned a cartoon of a business executive taking 
his wite out for a ride on Sunday ane they decided to go hy 
the plant whieh he owned. Suddenly he exelaimed to his 
wite, as they looked at the plant with materials oozing out 
of the doors and windows “Oh, my Grd, DP forgot to turn 
the plant off for the weekend!” 

Sol labor would like to first of all out the 
problems problems that are of a tational seope. These are 


things that all of ts ean and should be coneerned about: 


ill prtare rise <uthenently te provide the 
rapadly growing consumer markets needed to mateh the merens 
ingly automated productive eapacity of and commerce 

Will economic aetivity enough during the 
thon period toe provide job opportunities for new workers entering 
the lubor market. as well as for workers who are displaced by auto 
mated machines eleetrome computers 

Will the cost. of introducing automation be so great the 
recuired large as te premiuce in mmerensed tenmeeney 
toward conmeentration of the control of medustry 

Will automation «peed up the mereasing productivity of capital 
mvestment coutput per unit of capital) Will private consumption 
government expemditures, in combanatron, grow sufferently 
to expanding markets af the praduetivity of plant ane 
rises roped) 

Will autematoon result in the ereatron of much seeomlary im 
vestowent amd new pole. as ded the mtroduetion of the automotale 
the ensuing development= mm contruction, steel, orl 

How wall atitomation afleet loentron Wall prefer te 
plants Wall pon we abandonment of exist 

\re the chools tramuog «a sulflerently large ane 
labor foree te operate an economy that wall 
be the <chool «v<tem prepared tes 

Will the matron edueatronal, cultural and reereatronal facil 
itres be capable of meeting the challenge of increased lemure made 
possible by automation longer vacations, reduced work weeks 


But. of course, our concern is with the impact of 
nitomation on workers. Atitomation protiises the 
fiom ol rotting and competitive It takes the 
creation of greathy tmproved working conditions and the 


iti length thie work week 


Collective Bargaining 

But even im ol we know that 
the introduction of automation means some workers will 
suffer lavolls. assurances that ‘all will work out 
in the long run’ is of no help to the dixplaced worker and 
his family whe are directly affected. This presents a 
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challenge to the collective bargaming processes and is the 
mutual concern of labor and management to assure that all 
the benefits the American worker has achieved over marty 
vears will continue. 

We feel that the processes of collective bargaming can 
and must be used to plan carefully for the mtroduction of 
automation to the job and hours lost te the 
chiployvees, 

Oryanized labor is also alert to the need for workers to 
adequately share in the fruits of ring productivity, sub 
stuntial wage and barring merenses mm miter 
national tensions a reduced work-week and thereby be 
able to spread the benefits of automation to the greater 
mass of American families 

Along this line, | would like to note here that thie 
thundance of lemure time will in itself present an 
problem Which will have to be 
clally in the field of human engimeermg. think that 
would be of great mterest to your group, as well as to 
others, to disctiss the effeet of mereased periods of lemure 


time on the soeml structure of our socrety 


Methods of Solving Problems 


But to get back to how labor looks at automation, the 
following statements are generally the feeling of labor as to 
methods in selving the problerns: 

A finanetal cushion for workers where layolls do take 
place, and finanem! meentive for management to plan 
thead to mininize employee dishoeation, can be provided 
through labor-management agreements on guaranteed 
Wie nnd severance pay provinton 

Collective bargaming can alse provide other necessary 
safeguards. These meluide the need for far and orderly pro 
cedures lny alts, rehires, transters, 
and changes of job clasufieations and wage structures 
There are a multitude of TE details to be worked 

It may be necessary, for example, substantially to revine 
seniority provisions collective bargaming contracts 
Unions are giving much thought to the need for the brome 
ening of arenas company wide or wile 
seniority, for example to assure equitable semornty pro 
tection for ther members and the rght tomter-depart ment 
and inter-plant transfers, based on semonty. Preferential 
hiring provisions are bemg comudered, which would require 
all plants under contract with the union to give preference 
to laid-off workers in the same mdustry and aren 

Also, seniority systema should assure senior employees a 
full opportumty to qualify for new higher-skill jobs. Such 
employees over m favor of new or 
junior employees simply because of age or an employer's un 
willingness to provide the traming to enable qualification 
thee 

Signifeant changes will be required in wage structure. 
New job classifications and new wage structures will have 
to be worked cuit, ms job content changes With the ip 
grading of skills and rapidly reing productivity, wage 
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rates will have to be revised upwards after automation is 
introduced into a firm. Existing job evaluation plans will 
have to be thoroughly revised or discarded; wage incentive 
may have to be eliminated. 

Problems of down-grading will probably develop, as the 
need for certain types of «kills are made obsolete by new 
automatic machinery, or as some workers, unable to adjust 
to changed jobs, are shifted to lower-rated jobs. Special 
job-and- wage protections will have to be worked out for 
threw, 

Pension plans may also have to be changed through the 
collective bargaining process, particularly to permit earlier 
retirement and the transfer of pension rights from one plant 
to another within an industry or area, so that displaced 
workers are not hit by loss of accrued pension rights. 

Many unions will probably demand contract provisions 
for the re-tramuing of workers at company expense. Some 
unions have already mitiated traming and re-traming 
programs to familiarize members with new mechanical 
and electronic processes. 

Mr. Beirne, president of the 
reports that they are specifically asking the Belk System 
and other major employers to provide cooperation on the 
following ports: 

A shorter work day and a shortir work week for all workers 

2 Improved force reduction amd hiring procedures 

Interdepartmental and intercompany transfers imeluding 
payment of transfer expenses 

1 Uigher pensions and lower optional retirement age 

More liberal termination payvinents tor those whe lose thers 
jobless as a result of technological changes 

etter and more extensive job retraming progrates 

7. Longer vacations 

Improved semonty arrangement 


Mr. Beirnie reports that union-managenment cooperation 
im these areas asa rational management approach to wages 
and hours. would work wonders ino mininizing the hard 
ships that automation has, and will most certamly bring. 
He yores on tosay, we have had only resistance trom 
the Bell system management, which seeks to substitute a 
father image for collective bargaiming in its relations with 
its workers.”” What is true of the Bell System ts also true in 


far too many other of our major corporations 


Another large international union says that the union 
must insist on contract provisions that will provide these 


\ 
~*~ 


following points: 


1. A joint union management committee to study probleme 
arising from automation 

2. New and higher job classifications and rates for workers on 
automatic equipment 

4. Production bonuse- 

4. Revision of semority and transfer provisions imeluding 
preferential hiring, lo give displaced workers «a better chance to 
get other jobs. 

5. A guaranteed annual wage and dismissal pay 

i. Provision for traming and retraming at company expense of 


automation workers within the plant 


7. Broader semornty protection. 


As TI mentioned in my introduction, | am not an expert 
on automation, and labor does not feel that it has all the 
answers to the problems which will arise us a result of this 
advance technology. Problems which are coming up every 
day are bemg negotiated out on a local plant-by-plant 
basis. Local plant management and local union officials are 
domg What they can, but they need guidance and assistance 
especially in working out the human problems which are 
involved. Whatever the attitude of management, however, 
its the dedicated purpose of our movement to make 
automation the new servant of the people, not their niaster. 

The developing issues in the many ramifications of auto 
ination require earnest consideration by all segments of our 
are now studying Closely the effects of auto- 
nation ther respective nidustry. Union staffs and tech 
nieal comsultants are working with negotiators to develop 
ments of using any wdverse effect of the new advance 
ments, 

cooperation with and the yovernhinent, 
itntons hope and expect to develop realistic solutions to the 
difficulties that may arise. The problems posed by auto 
nation can and must be worked out by the pout efforts of 
labor, Inanagement, government and other 
society, uo the transition to the new era of the new tech 
nology, and the achievement of its potential for vast 
Hoprovement im our standards of living, is to be accom 
plished with a minimum of social dislocation and 


suffering. 


industrial 
engineers 


Here are the basic requirements: 
1. B.S. degree in 1.E. or M.E. 

2. Up to 5 years’ experience 

3. Exempt from military service 
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A Mathematical Model for Job Evaluation 
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The past few vears have seen the introduction of new 
techniques and concepts which are proving mereasingly 
usefuloan the field of Todustrial Among the 
most promising of these has been the tool of the physicists 
and others the “mathematreal model” Like any other 
gowml tool itis subjyeet to misuse, On the other hand, it 
uppears to oller a grent deal in the analysis of the ex. 
tremely complex systems with whieh the DTndustrial 
pineer is constantly working 

While there exists a modest number of examples in the 
literature of the applreation of this tool to the treld, it ts 
safe to say that more has been about the poten- 
tial appheations than about results. The tost obvious 
and frequently referred to use for the mathematical model 
lies nits ability to handle many complex problems which 
we did not understand except at a very superfienml level, 
\nother use whieh not so well publeized, but which 
may even there tnportant, les its abulity at 
tres to evalunte existing procedures with which we are 
presently “solving” problen- 

Ohne of the areas of mterest to the Industrial 
whieh “problem mg alrendy is that 
of Job In this area a popular 
exists that the present techniques quality as mathemats 
col models beenuse they utthze at times a fairly elaborate 
series of arithmetic steps. Suffice to say that quantified 
Values and a portially structured doy net necessarily 
erente a tathematien! model The state of development 
in Job Evaluation leaves much to be desired in) terms 
of model. Those parts of it whieh are 
rigorously structured are 4 together 
by not too well defined narrative logie and, in some cases, 
mathematical mon-sequiturs 

The development which follows is the result of a jount 
effort on the part of the authors to investigate the field 
of Job Evaluation in the light of more rigorous mathe- 
maticn! analyser. It mot mtended here to suggest 


provements to, or expanded applications for, any job 
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evaluation system. [tis felt, rather, that a fresh approach 
to this subjyeet is needed, and that the statement of the 
underlying mechanisms in mathematica! terms will pro 
vide such a fresh approach. At the conclusion of the ar 
ticle a number of questions are roamed which appear to 
ertiemsm of Job Evaluation. The only reason for 
including these pomts is that they appear to provide a 
boasts for future development and refinement im an 
tant aren of Industrial 


Background of Job Evaluation 


Job evaluation is, in general, a set of methods for de 
termining the wages to be paid for the performance of a 
collection of tasks under a speeiied range of conditrons 
In many large organizations and im the goverment tt ts 
nplemented by a staff of one or more people frequently 
in the Department or tts equiva 
lent whe speemlize in the administration of the wage 
structure. The bulk of the aetivities assigned to these 
people is made up of the determination and redetermaina 
thom ol wage or salary rutes for The task of 
rates to particular jobs begins with the colleetion of im 
fortintion about the job under consideration, other 
in the strueture and, sometimes, jobs outside the structure, 
After the data are obtamed, a “formula” ofr set of formu 
las is apphed to obtam the rate 

The particular method whieh is used in an organization 
ix usually tailored to fit the situation at hand, but for 
purposes of discussion in the field they are somewhat 
standardized. These various methods are usually divided, 
therefore, into four extegories: Job Ranking, Joby Class 
fication, Factor Comparison, and the Pomt Method. The 
first two of these have been tagged “non-quantitative” 
and the latter two “quantitative,” although such labelling 
has little precise meaning. 

Various claims are made regarding the objectives of 
job evaluation. Authors in the field state the elaine im 
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r 
different terms, but the following’ statements compre- 
hend substantially all of these claims: 


1. It is systematic, routine, and subject to centralization, 
thereby reducing or elimmating the time spent by the foreman or 
supervisor on the determination of individual wages 

2 It i more easily controlled and administered than are the 
available alternatives, thereby eliminating the growth of inequi 
ties due only to admuinmtration of a wage 

4. 1t provider a less subjective method for comparison of non 
related jolm xo that wages may be paid related to some aggregate 
quality of “job diffeulty.”’ Most authors and practitioners in the 
field tend to carry thin to ite extreme and claim that a particular 


im independently valid 


There are certain additional advantages claimed for 
job evaluation, but they are in a sense second-order. It ts, 
for example, contended that job evaluation will “reduce 
gnevances and turnover.’” In order that grievances and 
turnover be reduced by job evaluation, however, it os 
necessary to assume that they are related to wage in- 
equities developed through the structure or administra 
tion of the wage program. Whether or not they are directly 
related has not been too well developed. (Recent studies 
tend to place wages well down the list of the reasons for 
turnover.) In any event, thus wlivantage and others are 
comprehended by the three basic statements above 

The theory and method of existing job evaluation sy-s- 
tes are subject to a certam amount of valid criticism. 
While it is well accepted that some method must be used 
in determining wages, and further that) the present 
methods present a systematic attack on the problem, there 
exists rensonable doubt as to the validity of all of the 
claims made for them. It is also true that there exists the 
possibility of improving the present methods or finding a 


superior method, 


The General Banking Principle 

All wage administrators recognize, at least implicitly, 
that this ‘less subjective’ evaluation must be consonant 
with the realities of wages being paid and. the necessity of 
economical operation; their superiors primarily want 
order and control, rather than conformance with more 
nebulous sociological or economic goals. We hope to show 
here that all four common evaluation plans are specialized 
forms of «a general direct answer to this demand. 

Let us proceed to hypothesize this direct answer. It is 
always assumed that pay rate will vary with the indi- 
vidual jobs, although some jobs with quite different con- 
tent may properly be paid the same amount. It is further 
assumed that an orderly system will associate the differ- 
ent wage rates paid with some set of variables which are 
subject to reasonable estimates of measurement, either 
directly or indirectly. Thus in practice we obtain a first 
order calculation to be performed, namely: a ranking of 
jobs. 

In the preliminary stages, the evaluators are first asked 
to rank all jobs in order, according to the relative worth, 


‘Lanham, Job Evaluation, MeGraw Hill, New York, 1055 


In order to fix a value, a rating, 2’, corresponding to 
rank in some arbitrary continuum, is associated with 
each job, where 


in Which 4 is tume, X, is the amount of the ith of n fac- 
tors of “worth” or commonly “job difficulty’, contaimed 
in the jth job and #) is the aggregate “worth” of the jth 
job. ‘Time is included as a dependent variable in recogni- 
tion that different results would be obtained at different 

Pay rate 7? is assumed to be a function of HR’, say 


P = g(h') 2. 


bor some arbitrarily selected set of “key” yobs, ? = gif’) 
is plotted agamst #’. It is through assuming appropriate 
pay scales forthese key jobs that the wage administrator 
makes his contact with reality. The resulting funetion 
must be monotoneally increasing with higher rank, since 
in no system can the higher ranked job be allowed to 
receive lower pay. The evaluation system is thus required 
only to rank the key jobs correctly and not to determine 
the degree of difference in rank. This differenee only be- 
comes important should the evaluator try to impose 
some particular form on the funetion gi’), 

It is obvious that the selection of key jobs in any a 
proort manner will probably result in a gO’) of irregular 
shape. This is a direct result of assuming rank only ts of 
mnportance, and the curve g(') will be of varying slope 
accordingly as the difference in actual value of 7?’ between 
adjacent ranks ts not constant. 

Now consider the matter of time appearmg in the fune- 
tion It is an essential assumption in any job evaluation 
system that the ratings of aggregate worth remain con- 
stant over a useful period of time, te. that 

ale’ 
at 


{) bug. 


remain essentially true in the period between re-evalua- 
tions. Thus for the purposes of evaluation, the rating /’ 
ean be equated to a rating FP so that 


= Kh, 
Now also 
P= g(h) bag. 5. 


Note that this last statement does not imply constant 
proportionality of worth to compensation. This fact ts of 
importance in considering the effects of general changes in 
pay seales, Such changes represent a transformation on 
the funetion 2? = g(). Symbolizing this transform by 
p, then 

1” = p(P) = keg. 6. 
Pay changes of either the flat cents or per cent of pay rate 
type can be made without being inconsistent with the 
evaluation in use. [t is only when the transform, p, is 
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hot monotone that a re-evaluation bs essential, for then 
the possibility of rank-pay rate inversion is introduced. 

It is necessary, however, to interpolate on the plot of 
PP = gi) for the other jobs. This task does require that 
some eValuation be made of the actual difference in worth 
between ranks. [It is worth noting that the plot of pay 
versus rank can be linearized the monotone 
transformation upon the coordinate This may be 
done in practice by graphie means if desired in the usual 
ease Where gi) does not take on a shape for which the 


expression is apparent, 


The Job-Ranking System 


In the Job Ranking System, the evaluation group is 
asked to rank all jobs without regard to degree of differ 


bry mentally evaluating the 


The ranks determined are compared with present pay 
rates. inconsistencies are resolved by adjust 


a,< Fi <8 Pag. 


Where a, and are coustant and is the pav rate 
jth as finally determined. Thos only that ae 
ceptable pay is not defiute, but covers a 
uit note that this can only meousistencies of a 
limited nature. TE the evaluation pronluced 
Whieh could tot be resolved, the group would be foreed to 
start again witha new or modified deseription of the fune 
trons ed bog. aetunhity they are merely bemg 
Colled upon te reproduce the acceptable wage pattern by a 
set of values, ON, , deserbed by 
as determinmg job worth. thos proves to 
thie raters recognize thie 


eres chose Prom thie following alternatives 


| Make an arbitrary reassignment for the Fake of consimteney 


4 alti ate thee stihitiges clotting thee 


tromal faetors of worth change im 


ttilize a new range of value~«. a, and 


The Job Classification System 

In the Job Classifientiron Svstem an arbitrary ranked 
~eries of classes is established. bor each class the content 
of tvpreal jobs whieh fall therem im deseribed. Suffierent 
Classes are chosen so that every jobs may be placed 
of them. Again, the pay for jobs in the sth job elass 
seceptable 


e, < 46 rag. 


The constants a, and 6, are determimed by the degree of 
overlapping ol Piatipee between Classes peer 
ALL jobs are assigned to appropriate classes 

it procedure whieh corresponds te ranking the jobs 
4 luted number of rank positions. Actual wages are 


then compared with the wages assigned for the class to 


September October, 1957 


which they have been assigned. If the limits im lq. 7. 
cannot be met without undue tampering with present 
wage seales, then for the system to be useful the set of 
classes must be revised, usually by decreasing 
ber, inereasing the permissible range, or revising the de 
Se Tiptiotis 

The design of a specific job clasufication system re 
quires, then, the construction of a stepped series of job 
descriptions whieh will allow any skilled rater to select 
from among the series a set of ranks corresponding to par 
ticular jobs whieh will plot g(?) as monotomently mnerens 
rig. As m the job ranking system, minor 
ean be resolved under the permissible slack 


a, & big. 7 


Factor Comparison Method 


In the Factor Comparison Method special assumptions 
ore made about the funetion & defined by bq. 4. Key 
jobs are assumed to be paid correctly according to 
some predetermimed pay seale. The evaluators then 
ronk the key jobs inn series, according to the amount to 
which each of the n factors of worth enters mto each job 
Thus to eneh job is attached nm ratings, 


where the rating of the jth job on the rth series and 
the amount of the ith faetor entermg the jth 
job. A suitable pay seale for each of the n ranking series 
must be established, and one that is monotonmently im 
creasing with The suitability restrietron im that 


where 7’, is the assumed correet pay rate for the jth jyob, 
I’, is the pay rate established for the amount of the ith 
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factor in the yth job, and the function g varies with the in- 
dependent pay seale of the «th factor. The solution for 
these n pay scales isa problem of some difficulty. The usual 
method of approach is as follows. burst) distribute the 
given pay rate among the a factor according lo any 
rensonable estimates for all the key jobs. After distribut- 
mg the pay, compare those partial rates with the rankings 
as determined by Ig. An attempt is made to 
just prelaninary distribution to eliminate imeon- 
with the ranking, Any jobs not permitting 
adjustment are cust out of the scheme as not “key” 
jobs. These n pay seales are then used to determine the pay 
rates for all yobs by a process of interpolation. To the 
extent that jobs were removed from the key job list or 
other jobs are compared with the seales with unhappy 
results, the system confliet with management desires. 

There ia certain mgidity imposed on this system, not 
present ain the other three. This is evident from the lack of 
any range in permissible pay rates, or “slack” allowance 
Hits permitted to the evaluators to recognize that there 
may be k additional “slack” factors im job worth the 
equation in this system may be expressed ina form suitable 
fora solution by «a linear programming miumizing tech- 


nique. Phen 
bay. 10. 


in Which the sum of the partial pay rates of the jth yob os 
greater than the total actual pay by the amount of the 
wdditional factors. Then a criterion for best solution might 
be the minunizing of the pay for additional factors, or 

mee 


2 a 


bay. 


nia 


mm whieh the additional pay for the jth job. 


This is one method by which slack could be iitrodueced. A 
hithe reflection should suggest others” 


The Point System 


In industry today the Point System is the most widely 
used, and at therefore interesting to note that it ean be 
developed most naturally from the hypothesized model. 


batimate of bxeccutive Compensation by A 
Charnes, (cooper, ik herguson ment Vol 
| No Y, January, 1055, the authors have utilized a clever device 
of muntammg rank while permitting some of the Pay Haters to 
vary by minimzing the sum of the absolute differences from the 
present rates. In the notation of the present thos 


formulation im 


< Tr. 


amd additional appropriate constramts 
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This system gives definite form to the rating funetion #2. 
*Pomts” are the unit of measure in 2, defined by 


he a(X, ) 


bg. 12. 
where X, is, as before, the amount of the ith factor in the 
jth job, and a, is a weighting factor for the ith component 
of job worth. The usual slack is allowed by manage- 
ment in the adjustments to present pay seales in order to 
construct a monotonic funetion 2’ gilt), expressed in 
bay. 7. [tis the task of the evaluation program to adjust the 
weighting factors and the number and character of the 
gift), that is both 


consonant with management desires and also monotonic, 


luctors to allow construction of J’ 


Asin the Factor Comparison method the form lends itself 
readily to linear programming 


The General Model 


It is possible now to reiterate and state the baste fune- 
tions of job evaluation in mathematical termes. 


1 Raters are required to rank according ton menvure of 


worth a funetion of the factors of “yok diffeutts This os 


expressed as 
Fike, Aum, Aa; bay 4 


2 The assumed correct plotted for all rank 
to form 


Which must monotonieally with higher rank for the 
tem to claim 
$. Minor adjustments can usually be made under slack eondi 


thon allowed the wage rates in 
“af < 6/7 busy ri 


In regard to the matter of actually drawing in the fune- 
tion gO), it might be worth pomting out that least squares 
ure applicable to construction of parabole, 
exponential, or polynomial, as well as linear relationships. 
Any type of likely looking monotone curve may be so 
plotted and standard statistical tests apphed to «determine 
Wo chance causes of variation can explam the deviations 


then observed. 


Conclusions 


lt is strongly suggested by the foregompg analysis that 
the results of job evaluation may not possess the force of 


management us ether 


- 


- Pa ck 


in Which 4, represents the number of hours presently worked or 
to be worked on job ) for a given period, and J” represents the 
present rate ont pray The effeet of this constramt is to place 
bound on the total increase in pay permitted by a yob evaluation 
program (ther common proliey restrictions by management 
may be handled by appropriate chore of funetronal or constramts 


ina programming model 
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independent validity which most authors elaim for it. 
Company wage policies and decisions cannot logically 
emanate trom such a system, for it appears that all four 
<Vstems are merely control procedures for policies estab- 
lished on a higher level. Most job evaluation systems are 
administratively complicated, and it is only too easy for 
such instruments gradually to gain over management 
decisions an influence which is not justified by the system's 
logical framework. 

Since this dependence on management poliey for validity 
Isa Characteristic of current Job Evaluation techniques, 
renussessment of management's role in the determination of 
the wage structure may be in order, It is possible that a 
new set of questions should be raised at the policy-making 
level. bor example: which system should be adopted by a 
particular company? If, as mdieated, all systems are lack- 
ing alnlity to construet a wage structure except as 
directed by competent authority, the immediate impliea- 
thon is that such questions should be answered on a practi- 
eal basis. On the specie question nbove, a nil 
might wish to serutuuze the alternatives on the basis of 
cose ol computation, acceptability to employees, or degree 
of sophisticntion. Such practical considerations may well 
outweigh the usual quasi-theoreticn! considerations con 
cerning the shape of the wage structure, the ability of a 
system to handle rater bins, and others, 

job eValiuntion serves lo organize sonnel control, 
then how browd os its useful held of appheation? OF what 
size oor complexity should a company be for these ad 
Vantages to outwemh the cost and mgidity of such a 
program? Ts it really apphleable in the shifting sands of 
CXCCHTIVG 2 

It is hoped that these and other questions may receive 
quite different answers when job evaluation is reconsidered 
as one more problem which subjyeet to logical analysis 
rather than in the usual context wherem the diseussion bs 


clouded by too close consideration of details of tecbanniepue 
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Here is A BOOK that fills a void in current 
literature - a complete treatment of what work 
problems are, the system in which they exist, 
the principles involved in solving problems, and 
the development of logical problem solving 
methods. 
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About Work Problems 


By ROBERT N. LEHRER, Professor of Indus- 
trial Engineering at the Georgia Institute of 
Technology, and Editor-in-Chief of the JOUR- 
NAL OF INDUSTRIAL ENGINEERING. 

Broader than Motion Study because it is not 
restricted to motion analysis, the science of 
Work Simplification aims at developing a sys- 
tematic approach to identifying and solving 
work problems of all kinds. 

Dr. Lehrer’s book concentrates particularly on 
the human factor in work problems such as 
improving methods through the man-on-the- 
job and the supervisor. Creative thinking is 
stressed. 

New concepts and techniques are dealt with 
simply and directly; automation, electronic 
data processing, human engineering and oper- 


ations research all receive comprehensive 
treatment. 
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Englewood Cliffs, New Jersey 


Please send me a copy of WORK SIMPLIFICA- 
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credited schools on quantity purchases. 
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SAVE: If payment accompanies order we pay 
postage. Same return privilege. Prompt re- 
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Some Developments in the Relationship 
between Collective Bargaining and 
Industrial Engineering 


By William Gomberg 


Professor, Industrial Engineering, Washington niveraity 


The problem of the setting of production standards im 
collective bargaming w rapidly coming to the forefront 
again. Competition among the big three auto manufac 
turers has led to a review of production Costs. Attempts 


lo revise production standards led to a five week strike 
at the Caltornia plant of the Chrysler Corporation. The 
bitterness of the dispute flawed onto the convention floor 


at Atlantis City where the United Auto Workers were 
assembled in ther biennial convention. [t becomes timely 
onee again to review the status of Industrial bngineering 
visea-Vis collective bargaiming 

The special Tnddstrial techniques of inter 
est to the trade umonist cover the whole gamut of man 
agement. Items remote from the employer-employee 
relationships like sales management, production schedul 
mg and routing have their impact on the employer-em 
ployee relationship. They determine the effectiveness of 
the business, the profitability of the enterprise and the 
abulity of the employer to pay the workers not only a 
living, but a prosperous wage. However, the techniques 
that remam of most unmediate mterest to the trade 
unionist are largely confined to those that arise in the 
day-toslay collective bargamimg relationship. The 
diate disputes in which both engineer and shop steward 
find themselves engaged cover the area of job evaluation, 
production rate setting by time study, and the adminis. 
tration of wage imeentive payment plans. These tech 
niques were found particularly useful by the trade union 
ist during World War IT. 

The evolving relationship between the [ndustrial longs 
neers and the trade unionists during this period, can best 
be understood agaist the background of the special prob 
lems that the labor movement faced during the war. 

The labor movement had not had an opportunity to 
really digest its newly found members immediately prior 
to World War Il. The great organizing campaignes- that 
began with the sit downs in rubber and automobile in 
1037 had brought thousands upon thousands of workers 
into the trade union fold. The normal maturing process 
during the course of which local leadership would be 
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trained to handle the day-to-day tasks of the shop stew- 
ards and shop committees has not had an opportunity to 
operate, 

Management, for its part, had not yet really reconciled 
itself to the permanent establishment of a trade union 
movement, as a normative part of our industrial culture. 
A newly organized Liberty League, made up of manage- 
ment’s leading legal luminaries, had gratuitously usurped 
the funetion of the Supreme Court of the United States 
and declared the Wagner Labor Act uneonstitutional in 
the mid-1930's. The result was that between the passage 
of the Aet and the declaration of its constitutionality in 
1937, management had felt free to behave towards untons 
in very much the same pattern that they had pursued in 
the 1920's; or at least, if they had to compromise, felt 
that this was but a temporary stratagem, pending a final 
showdown when a return to the country’s political climate 
of 1920 would make such an undertaking feasible. 

The declaration by the Supreme Court that the Wagner 
Act was constitutional came upon management like a 
thunderclap in the middle of the night. It was not pre- 
pared to meet this obligation emotionally or operation. 
ally. Management's churlish self-righteousness had elicited 
a corresponding antagonistic attitude from the trade 
unionist and each side had squared off in its corner. An 
uneasy truce only kept them from coming to blows. The 
constitutional verification of the Labor Aet started a nor- 
mal maturing process that did not receive much publieity. 
This maturing process was frustrated when the United 
States found itself embroiled in the second World War 

Labor was called upon for a no-strike pledge and in 
return the government, through its various commissions 
like the War Labor Board, provided what amounted to 
tribunals that imposed compulsory arbitration of  dis- 
pltes on both sides, 

The inflationary pressures that began to build up under 
the stress of the industrial war effort led the government 
to impose a ceiling on wage increases, The labor move- 
ment felt completely thwarted. They reasoned, “It's ob- 
vious that it is diffieult to strike successfully when there 
are nine million unemployed such as there were im 1939 
in order to get any decent wage increase. And now the 
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government tells you that vou can't strike when there is 
it labor shortage 

Strategically, we are always in the position of “heads 
they win and tails we lose’ This was the prevailing 


Teniper, 


Job Evaluation 


It was the job of the War Labor Board to administer 
the anti-nflation program through the government im 
such a Way that wage adjustments could be carried on 
Without increasing the labor costs of the products bemg 
inantfactured. Suddenly the engineers and the trade un- 
jonists found themselves in an uneasy alliance. One of the 
rules promulgated by the War Labor Board was that a 
restricted amount of money could be added to the pay- 
roll to correct uit bes the Wage structure. The trade 
Hntonist turned to the job evaluation specialist to make 
the imequities look big. Management turned to the job 
eValuation specialist to make the mequities look small. 


Wage Incentives 

The War Labor Board, caught in between, developed 
its own formal job evaluation procedures m order to 
rationalize its deemions between the contending experts 
Wage incentive payment plans and the required proce- 
dures for setting production standards underpimning the 
were suddenly adopted by TH whe long 
opposed any wage payments by results. In many cases 
these wage mmeentive payment plans led to inereases in 
production for whieh workers were correspondingly re- 
warded. 

In other cases, there were favorite deviees for the avoid. 
anee of the War Labor Board restrictive regulations. It 
was a relatively easy matter to enforce regulations govern- 
mg straght time payments to workers. All that was 
needed Was tspection of the payroll books. The adminis- 
tration, however, of complheated piece rates was com- 
pletely bevond the eapacity of the War Labor Board. 
The dynamic behavior of American industry meant that 
old tiethods of making old products rapidly became obso- 
lete. New methods were bemg devised for making new 
products; new ways were bemg developed for making old 
products; and finally, new methods were perfected for 
mnaking new products. This lent American imdustry its 
Gan. Tlowever, it meant that the administrative job of 
the War Labor Board was hopeless. Who was competent 
te check whether or mot every production standard and 
every time study was set to yield the legal carning oppor 
tunity speeiied by the little steel formula? 

The engineers took their consulting fees, the employers 
took ther prices, the workers took their wages, and old 
feuds were burned and the basis for new conflicts was 
land. Statement after statement, directive after directive, 
memorandum after memorandum were issued from the War 
Labor Bourd in a futile attempt to cover with rhetoric 


What could not be handled operationally. Everybody was 
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happy except the long term economist. Everybody was 
busy living in the short run. Then the war ended 

The employers were frightened by their complete con 
fusion and their inability to see the new market. Many 
of them compensated for their fears by wild talk about 
how they were going to teach labor its place. 

The labor movement was frightened. It remembered 
that in 1919 and 1020 the great organizational games of 
World War | had been completely liquidated by a post- 
War union busting 

The N.A.M. had promulgated the American Plan, and 
within a short time organized labor ranks had been deet- 
mated. Woodrow Wilson had convened an mndustrial rela 
tions conference in Tt was made up of the lemeliag 
members of the labor movement and the leading manage 
ment members of the eountiry The tone of the conterence 
Was set by Garry, President of U.S. Steel. The 
conference recognized the right of every worker to a 
union, and the right of every employer to either deal with 
a union or not, as he chose. Most of management chose 
not to deal with a union. To be sure, there were iolated 
islands of Union-mangement cooperation experiments here 
and there, like the Baltimore and Ohio plan. But, by and 
large, the poliey of American Hianagement that counted 
was to fight actively the trade union movement The 
question in the minds of the trade unionists at the end of 
World War was, “Will history repeat itself 2” 


Labor and Management 


On the other hand, the engineers provided a breach in 
the mid-1020's in the solid front of management thinking. 
The seientifie management movement vowed a refreshing 
departure from the prejudices of top American manage- 
ment. The Industrial Mnagineers, under the leadership of 
men like Harlow Persons and Morris L. Cooke, had worked 
successfully with the trade untonists during the war. [m- 
mediately after the war, they were prominently vehenit ified 
with outstanding Union-management expernments lke the 


joint appheation of time study to setting incentive wage 


rate standards in the Cleveland ladies’ garment market. 
This experiment was conducted under the leadership of 
Morris L. Cooke, an old assoemte of Frederick Taylor who 
had beeome a close trend of Samuel Gomper during 
World War I 

The Taylor Society provided a forum for the dissident 
thinkers among management, men lke Otte 
Beyer who was responsable for the administration of the 
Bo & Plan. They reprinted in thew Journal the classe 
paper of R. GG. Valentine, “The Relationship Between 
Meihiereney and Consent.” This was the first paper to lay 
down «a philosophy upon whieh both management and 
labor could cooperate within a serentifie management 
frame of reference. 

This was the historical experience which labor, manage 
ment, and the engineers brought to 1916. The enguwers 
had them dissident left wing tradition upon which to draw 
The employers had their fighting slogans to which they 
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could return, and the insecure labor movement had it» 
bitter memones with which to project the future. 

President Truman, like his predecessor, Woodrow Wil- 
son, also called a labor-management conference. A key 
subcommittee of the conference, made up of an equal 
number of representatives from management and labor, 
was the Management’s Right to Manage Committee. The 
committee was unable to agree. 

The management members addressed a letter to the 


conterenes, extracts from which follow: 


Laber members of the committee on Management « Hight to 
Manage have been unwilling to agree on any listing of «pecifie 
management funetion- Hf labor disputes are to be minimized 
by the genuine acceptance by organized labor of the functions and 
respotmlalitves of management to direct the operation of an enter 
must agree that certam “pecihe funetions and res 


bnlities of management are not subject to collective bargaming. 
The committee then went on to list some of the duties 
Which they felt were outside the jurisdiction of collective 

The locatron of the business, mecluding the extablishment of 
new units and the relocation or closing of old units 

the determination of job content, the determination of 

the size of the work foree, the allocation and of work 


to worker- 


The labor group, on the other hand, pomted out that: 


The extensive exploratory discussions of the committee have 


forth the wide variety of nnd practices 
that have grown out of relationships between unions and manage 
mentin Various over a long pernod of time 

It would be extremely unwiee to build a fence around the 
rights and responmulalities of management on the one hand and 
unions on the other The expenence of many vears shows that with 
the growth of mutual understanding the responsatilitves of one of 
the parties today may well become the jount responsibility of 


Labor was, im short, accusing management of commiut- 
ting the logical fallacy of “false concreteness,” a favorite 
fallacy of the legal-minded who must fit all living phe- 
nomena into a system ol verbal It was this 
environment that the labor movement philosophy of In 
dustrial developed 

In the of this labor-management conference ium 
December, the Auto Workers, the 
leadership of then View President Walter Reuther, called 
a strike agamest General Motors Corporation that was to 
last PIS dave Reuther demanded that) the corporation 
Inercase Wages SO per cent and offered to prove, if manage 
ment would its that the corporation could 
afford to pay this merease, reduce the price of a Chevrolet 
$50, and still make the largest profits inits history. 

The anger of the company was more directed at the 
Reuther proposal that they open their books and the in 
vasion of the area of price poliey than at any of the eco- 
nomic demands. They accused hin of using the union to 
promote a socialist hleology, nnd that price poly 
and alality to pay were outside the scope of collective bar 
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Among the counter demands served by General Motors 
(Corporation upon the union was the extension of the work 
week to 45 hours per week at straight time, and the inst 
tution of wage incentive payment plans all over the General 
Motors empire. The attitudes within the UAW. on wage 
incentive payment plans during the war had been a matter 
of dispute. One faction ealled for their promotion in order 
to cope with the ceiling imposed by the little steel formula. 
The other group, remembering the bitter experience of the 
automobile workers during the “30's when piece rates were 
eut unilaterally, wanted no part of these plans. The de 
mand of the corporation that the plans be spread solidified 
the entire union behind the position of opposition to the 
plats. 

The official policy of the United Automobile Workers 
remains opposed to wage ineentive payment plans. Llow- 
ever, it was with great reluctance that the auto workers 
were forced to abandon a wage incentive payment plan 
both with the Willys Corporation in Toledo and the 
Studebaker Corporation. The agreement of December 1, 
154, between the CLAW. Local #5 and the Studebaker 
Corporation has appended to ita letter dated August 13, 
1954, sygned by Paul M. Clark, Studebaker Vice-President, 
abolishing piece work im the Studebaker plant. Along with 
fowent a reduction in earnings opportunity without a cor 
responding reduction work pace. The CLAW. had 
undertaken a cooperative effort the Studebaker 
Corporation to save thie of the 

Here it was the union that wanted the continuation of 
the piece work plan and the company that was advocating 
its abolition. Here again is proof that the poley of a union 
towards any of these techniques is dictated by the prag 
ecohotiie requirements finds on the yobs, rather 
than any preconceived ideological position if may take at 


mn convention, 


Production Standards 

The recent dispute between the Westinghouse Corpora 
tion and the International Union of Electrical Workers 
revolved around the setting ip al produetion standards for 
mamtenance workers. position paper of the 
dated November spells anit the s 
position, The has maimtamed that) no work 
standards. should be imposed byw Westinghouse on its 
employees unless the put on meentive. The Union 
maintains that to impose work standards without teen 
tives is to create a “third class” citizenship among West 
Inghouse workers. Dayworkers on standards would have 
all the disadvantages of dayworkers (in that they would 
get no incentive pay), and all the disadvantages of teen 
tive workers (in that they would have to work against a 
standard), 

The Company would have a “one-way street” on this 
It claims it ean discipline or discharge people who do not 
meet the standard, but would provide no extra pay for 
those who exceed it. We maintain that this is not only an 
and unworkable program, but, in fact, it is contrary 
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ter the yenerally accepted best practices in American 

The wterest labor has im rate-setting technique “us 
collective bargamung tool was clearly established im the 
arbitration deemion following the Ford Motor strike im 
0 over an alleged speedup. The company was told 
clearly that, although the agreement reserved the right 
tor set production stundards, thus right Was not the same 
as other tianagement ryghts. It was not an absolute right. 
It was a right as an right tw 
determine. The final determination that rate setting was a 
stibyect lor collective Wis in the 
comfhiet that was developing between the labor movement 
and the organized represented through the 
Society for the Advancement of Nanagement., 

Obviously, labor had a rmght to participate the 
process of rate setting, i Was thot gomg to countenance 
the tniposition of a system ol rate setting unsupported by 
penn W Is t conle Wits 
Hotaterally determined by a management society without 
labor consultation 

The Soeety tor the Advaneement of Natiagement 
the penn oon tnlateral study ot the 
rating process. They published widely the results of a 
about What they considered a fair working pace? The reae 
thon ol the labor movement V After an ex 
haustive of the study by stall technicians, the 
labor movement pomed ina denuncimtton of the study. As 
a result, The American Federationst carried special 
ig the workers ol stich 
a ttolateral study. Walter Reuther, President of the CTO, 
it to bus offteers denouwneed the study 
warned offteers any of these beneh 
marks os arbitration guides disputes over prodiuetion 
standards 

the the arbitration enterion bet ween 
the emplovers and the Carpenters Union in any production 
standards dispute whieh may arse. The Union agai 


ler 


Standard Data Systems 


The labor movement's attitude towards the microscopic 
standard data systems that have become fashionable since 
thie World Wor I] bisa ban te observe one ol 
these om all the oth@rm have to be wrong. And 
vet, strangely enough, they all work. They work because 
erente at atinosphere te the working 
pothesis. The worker knows what the engineer expects 
He prefers to avoid fights. He tailors his working pace to 
the expeeted imerement earnmng. The worker 
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reasonably happy, the engineer delighted, and the employer 
is pleased! 

By and large, labor spokesmen will do nothing to expel 
a system from a plant provided it is clearly understood that 
the system is not the criterion against which the adequacy 
of any single rate will be measured. They will insist that an 
arbitrator hearing a rate dispute between the umon and 
any advoeate of a predetermimed muicromotion system 
agree’ that the arbitrator would not confine his 
evaluation to the methodology or principles of the plan. 
He must be left free to get his formation from all sources 

The place of the Industrial Engineer in arbitration of 
production standards has arisen m two sygniheant cases, 
Case #1 was the Ford Motor ¢ ‘ommpany to Which reference 
has been made, and Case @2 the LU Westinghotise 
case Which is still in the process of being determined. The 
method used in the Ford Motor case was that the union 
retamed its own expert and the firm designated 
its expert engineer. The two engineers constituted a panel 
to choose a third lay member who would be able to resolve 
any dispute that might arise between the experts The 
Westinghouse agreement called for the designation 
by partion of an taal 

The choice of an tmpartial engineer in disputes of this 
nature offers very diffieult problems. The reason is tot too 
difficult to see. Any engineer who would be chosen by the 
parties im dispute is devoted to the highest primeiples of 
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both theory and practice. Included i a list of 


~ound principles as a guide for administrators. 
$4.50 


COLUMBIA UNIVERSITY PRESS 
2900 Broadway, New York 27, N.Y. 


THE JOURNAL OF INDUSTRIAL ENGINEERING 291 


integrity and is by necessity bound by the particular set of 
procedures in this controversial field to which he has 
pledged himself in his writings and research. [f he remaimed 
without any opimions im this highly fluid field of ours, he 
would likely be a person either without any courage or 
Without any knowledge. A much wiser role for the engineer 
would be to use his advocacy skills on behalf of his clents 
and, on the best tradition of our democracy, let the imtel- 
hivent layvinan choose between the experts. 

An illustration from another field will illustrate what ts 
meant. During World War I], a great controversy arose in 
the synthetic rubber program between the petroleum 
chemists and the grain aleohol chemists over what pro 
cedure would yield the tiost promising results. Obviously, 
no chemist who was an expert mn this area could be qualified 
to resolve this dispute. Tis very traming and interest 
hin against Eventually, the 
problem had to be resolved by a chore between the two 
contending groups by government lay adiiinistrators 

The status of job evaluation as a subject for collective 
bargaining has been long established. The latest decision 
moa nutber of cases that have been heard by the NLRB 
wae handed down August 16, 1955. [Tt involved a case 
between the Forge and Machine Workers Industrial 
amd the Taylor borge Pipe Works. The trial examiner 
found that the employer had refused to bargam with the 
inion by refusing during collective bargaming negotiations 
fo furnish the anion with job evaluation pomt schedules 
Although this decision clearly spells out the nature of the 
equity this procedure, the principal question 
remains to what extent do mons find job evaluation a 
uselul collective bargaming tool? The points of view that 
were current in the labor movement at the end of World 
War [lin 1916 were clearly brought out ina conference of 
trade union techmiemos beld under the ofl the 
Cniversity of Chicago. There was lengthy debate that 
received wide-spread publeity at that tine about whether 
or not evaluation could be used as a collective bargaim 
tool, This debate wae pretty well settled hy the steel 
workers’ adoption of a job evaluation scheme to govern 
the relationship between itself and the U.S. Steel ¢ ‘oOrporn 
tion, Many problems have under the administra 
tion of the plan, but, by and large, it remains viable and 


netlive 


Job Classification 

Another Inferestingg cause mvolves the fate of the South 
ern California aireraft: industry plan. This was the plan 
that was set up during World War TL to govern the classi 
ficution of jobs in the fast growing aircraft mdustry. Clark 
Kerr and Llovd Fisher described back in 1950 in detail the 
problems that arose under the adminustration of this plan. 
They stated, “The most difficult and pervasive problem: in 
the administration of job description and evaluation im the 
Pacilic Coast aireraft: industry arose@from the frequent 
conflicts between measures of external and measures of 
internal equity. The price of a jyobin the market is one well 
established measure of its worth. The conflets between 
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these different standards made for continuous obstacles to 
the consistent administration of the plan....”” It) was 
discovered both in Southern California and in Seattle that 
the plan overvalued skill in relation to the factors of job 
disutility, such as job conditions and physical application. 

The United Auto Workers is presently engaged in 
negotiations with the Southern aircraft industry. A prin- 
cipal subject for discussion is the operation of the Southern 
California aircraft industry job evaluation plan. The 
(LAW. found itself confronted with a problem opposite to 
that posed by Fisher and Kerr. Their problem was not the 
disutility of the jobs but the ceiling that the plan imposed 
upon skill and educational requirements, The imereasing 
complexities of plane manufacture had led to educational! 
and skill job requirements far in excess of those anticipated 
in the Southern California industry plan. The company 
had attempted to conta these skills within the existing 
plan by decreasing the step imerements in pots for each 
wdditional year of education required. For example, if three 
vears of education called tor 30 points LO points per vear 

four years of education would call for 35 pots, the 
fourth vear bemg valued at 5 pots. A high-powered brief 
was prepared to disclose the mequities of the plan. The 
company has agreed that the old) Southern Calitortis 
aireralt) plan has become obsolete in many respects, and 
both parties are now engaged im developing a relative 
Wage better strted to current operating 
probletis 

The Unite Automobile Workers have 
agreement with the North Ameneaun Aviation Corporation, 
effective March 19, 1956. A new Article Seetion 3, 
ealls for the designation of three members by the Cron 
and three men by the company to investigate and agree 
upon a new or modified wage plan. will be interesting to 
wateh what develops out oof the Board's deliberations 
during the course of the contract 

Just where does this leave job evaluation as a technique 
in the determination of relative wages within a plant? [tte 
just one factor among others that wall determine relative 
wages within a and large, the attitude ofl 
movement the field of Tndustrial can be 
described an old admonition of John Ro Connon, 


“tose the expert but never surrender to his tyranny. 
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Symbolic Logic: A Summary of the Subject 
and its Application to Industrial 
kingineering 


By Sanford S. Ackerman 


\ major sim ot engaged pire oF appled 
is tostate propositions Clearly deseribe sVstetis 
Without ambiguity or the possibility of misinterpretation, 
language oat best difficult medium through 
Which compliented propositions may be conemely ex- 
pressed, amd oat) fails when relatronships are 
or comiplen larly byvption 
<truguled with the problens whit 
number plus one-filth of itself equals twenty-one for 
bondred vears OS). Thev had no svinbols for digits 
Operators, need, therefore, ter stute the 
its peony timing only words. The 
cn operutor totution to tree of the en 
of words. [ts apparent that some method of 
ts needed toe tree the serntist from the tvrannsy 
of words ane te Proper conned 
to the wav he ean 

Svinbolie logie is a of expressing verbal propos 
trots stutenents of relationships between 
propositions stated an form os performed by 
mietheds of It the of this 
the comecept ol the enleuhus of lots the 
exposition of Verbal statements and ther relationships in 
classes 

The uses of loge, like the of nathematies, cannot be 
limited to specie appleations moa particular held. Just as 
the some differentiol equation can desenbe the mechanient! 
Vibrations of a physteal svstem or the flow of eleetrieity in 
a svinbole sentence ean desenbe the conditions 
or the operntion of a computer element 
Some ot the examples of appleatrons will be presented to 
show the manner in which svinbole logie ean be used a» 
ano method, with the inference that a substi 
tution of some eletpent of the medustrial scene for the sub 
jeet of the example can make the technique appleable to 
particular situations mm Todustral 

In George Boole, an mathematicmn, wrote 
the treatise, “An Investigation of The Laws of Thought, 
on Whieh are Founded the Mathematieal Theores of 
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Leagie and Probabilities’ CS). Tle proposed svstem: by 
which propositions could be represented by syvoibels and 
manipulated to draw logical conelusions. Boole’s orginal 
svinbolism bas been modified and extended simee that 
original publication. In Alfred North Whitehend ane 
Bertrand Russell, using the somewhat more compleated 
wrote the monumental work, 
in Whieh they attempted to explore the logienl founelat rots 
of tuathemuaties, asserting that mathematios Was mm reality 
a braneh of the more primary diseapline, bogie OS). bor the 
business worlds. Phe first reported apples 
by balword ©. Berkely at the 
Prudential Late Tosuranee Company OS) 
<vinbole lagie, he examined the profusion of complented 
thot there were conmfliets ith thie riiles \n 
the files revealed that there were cases whieh had been 
under the confleeting rules. then, 
logie has been used to fined mm comtrmets, ane 


emetits (4) 


Svinbolic Logie and Boolean Algebra 


Before proceeding further, its desirable that the render 
nequaint himself with the baste laws and definitions of 
Boolean algebra, and with the use of logien!l 
OOperutor thotation ts tet standardized, therefore, as ench 
<vinbol is defined in the manner itis used in this paper, 
alternate forms are shown alongside in parentheses 

A set, or class, represents all elements lving within the 
~pectiied bound which defines the set. Boolean algebra is an 
algebra of sets or classes of elements whieh have the 


propertios deserbed below (2) 


Two binary operation=, cup and cap 
U 1U reads, A or both 
(ap (x 104 reads, “both A and 
whieh satesfy the following laws 
A, and AU A A from whieh 
follows, = 1 


Commutative An A and HUM = HUA 
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AN(HAC, = (ANK, AC and 

In = VIANC), and AYU 

BAC), 

2 Two elements 0 and 1, which are universal bounds and satimfy 
<A §$ 1 for all A 


“the set con 


the laws of unison and intersection. te. O 
Bounds). 0 A 1 
Ais contamed in the universal set 

ON A= O and A A 

A, = (Union 
These relationships are more easily understood with the ard 


of Venn > 


the universal set = | tur 
everything that either A of 


bvervthing within the bound 
‘unison of 1 and 
Moor both owe. the areas covered by vertical lines, horizontal 
lines, amd cross batehung 1 9 tread, “intersection of A 
andl the aren covered by eross hatching O the null 
set which contami nothing 
A unary of complementation which obeys the com 
plementary, dualization, and mvolution laws, 
int’ Au A’ = 
(Lu wt)’ = and 
(in 
7)" = A 


(Complementarity) 


lnveolution) 
are the <ymbols of negation. The 
dualization law may be «tated in general as) The “not” of a 
polynomial may be found by taking the “not” of each term 


then interchanging cup nov Cap operators 


The following are some examples of manipulation of 


expressions (7) 


turcinsh, inviudk 
2 An 
lh, 
| from 


Y 
akhiuit anh ak, 


ic aki ai An 


ink 
iui’ a 
mitinhudhac’ 
uitaciahye 


inkae 
inh 
bu 


The above manipulations may be more easily followed 
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When the cup and cap operators are thought of as the 
addition (+) and multiplication (X ) signs, respectively, of 
ordinary algebra, for which cup and cap are somewhat 

The translation of ordinary language to symbole form 
reqquires the Interpretation of the above operators, and the 
definition of two more symbols. Ino a verbal context, 
“tu B” denotes the statement, “that whieh is either A, 
or B, or both.’ “Al a denotes the statement, “that 
Which is both A and denotes the statement, 
Phe first type of 


statement os disyunetion, the second conjpunmetion, and 


or, “itis not true that A. . 


the third, negation. Another form of statement is, 1 + B” 
jor fA, then This form ts deseribed 
as conditional, or a statement of maternal mpleation. 
bquivalence is shown as, (or BY, which 
reads, “A af, and only af 2,” or, 
Material may also be expressed termes of 


“Ais equivalent to B. 


other operators for purposes of manipulation: 
Nu 

It is sometimes of interest to determime the truth or 
fulsity of an entire statement when the constituent. ele- 
ments take on all possible combinations of truth and 
falsity. A convenient graphical representation is the truth 
table. Shown below are truth tables for conjyunetion, 


junction, materi! mapleation, nnd equivalence, 


Lub \ \ Is 


bor mstanee, given the statement Cla By) (Cu D), and 
the values A true, B,C, and 2) false, find the truth value 
of the entire statement. For the stated values in the table 
nbove, C1 a is false and is false. The given 
statement may now be thought of as an equivalent state 
ment F where Fo and F are both false. bor these 
values in the table, itis seen that the value of the whole 


expression is true, 


Applications 


It is possible to design entire computing cireuits by 
means of logical equations. “Black boxes’ representing 


baste switching funetions are defined as follows: 


OR *“Feavue 


‘or’ A signal Fo is transmitted when a signal is detected 
at either a or b, or both: = au 


The render note that some of these interpretations ure 
only for ease of conception \ more rigoratis interpretation im 
required when comple. relationships are treated. See (4 
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| 
Af iB 


6- 
‘ond’ A signal Fis transmitted when a signal is detected 


ntanand F anh 


NOT} -+F = « 
signal transmitted when no signal de 
tected atasie., F = a 

Consider the following problem: From three imputs, A, 
Boand CC, an output is desired when no mput is detected, 
when only bis detected, and when only ¢ is detected. The 


three conditions may be stated svimboleally as, 


Anhne and 
A’ AT ac 


The entire problem may now be stated as, 


inh atv ur ttakhac uit anne 


This expression may be expressed in any one of the fol 


lowing Wave 


Fae 
inhi uit ne 
‘ iuh urtuf 
ivuh tuf 
‘ inikne 
f tu 


ench of whieh satisfies the stated conditrons (7). The 
cireuits deseribed bry these myplintions are pictured 
bigure 2. beach one accomplished the desired result, but it 
is obviots that all are mot of complexity, 

This example demonstrates how a proposed system can 
he deserbed svinboleally, its logien! deseription manipu- 
Inted to \ wld alternative solutions, and those soluttons 
“translated” into svstems whieh meet the 
stated ormiinlls 

Svinbole tins bee applied to the resolution of 
complieated verbal relationships; insurance poley and 
contract stipulation Twe this of appl 
ention follow. The first from a book on bogie by Lawes 
Caroll OS 


No kitten that loves unteachalde No kitten without taal 
will yl with a Wittens with whiskers alwave love fixh 
No terrae hatter i~ eyes No kittens have trails 


they have whisker 

Will green-eved kittens plav with «a gormllas If we agree 
that the complement of each of the foregomg statements ps 
also true, we may resolve the problem as follows: The 


elements are fir-t defied by Let kittens which 


love fins 


ire teachable 


September October, 1957 


C 

~ 
a a 
fel ¢ [a | anc 

P fo} ave 

«) 

< {o} o 
a an ero 
ja} ene |=} 

bie 


have tails = al 
will play with a gorilla = 
have whiskers f 


have green eves 
and the verbal conditions written as sentences’ 


| ‘core 
‘ ‘dord 
thorty «ff 


Question: g 


Which says, “if a kitten has green eves, then he will mot 
play with «a gorilla.” 

The previous example may be solved by carefully re 
writing and rearranging the orginal relatronships 
verbal form llowever, are olten 
and complex to a degree which makes solution 


by methods of verbal reasoning. Consider the 


lf mathematicnn not have te wait for a bem, 
then he eather likes Mozart in the morning of whiskey at moght, 
soot broth If man whiskey at bee ether 
Mozart in the morning and not have to wart 2) for a 
box, or he does not Mozart the baw ter weet 
J) minutes for a bus of elee he no mathematrnan meen 
Nlezart in the morning and doe« not have to wart 2) munutes for 
bes, them he likes whiskey at moght lf « 


Mozart in the morning, he esther whiskey at of haw te 


cuse letters to clenote «tatement= and set» respeetivel 


alhered te im praperr 
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a 
| 
‘ 
| 


wait Diminutes for a bus: conversely. if he likes whiskey at night 
nnd has te wait 2) minutes for a he in if he 
likes Mozart in the morning When a mathematician wait 2) 


Proceeding as in the previous problem: A man whe 


a tnathematioan = 
likes whiskey at might = 
likes Mozart in the morning «= © 
waits minutes for albus 
a Ani” 


by) & 
d ine 


Han » -« A) 


When «a mathematicun waits 20 minutes for a bus, it ts 
equivalent to saying that Ao and are true. a truth 
table i constructed to show how the truth values of the 
problem statements vary for all possible combinations of 
truth values of Band C, the solution of the problem may 
be found by choosing those values of 4 and C tor which all 
the problem statements are trae; te, the conditions of 
A, 


mathematoun waits ZO munutes fora 


and 22 which define the situation om which a 


1 


The three solutions say, Aa Baty 
which reduces to, Aan D+ Bou The verbal 
statement of the solution is, “a mathematician waits 20 
minutes fora bus when he does not like whiskey at night, 
or when he does not like Mozart in the morning, or both.” 

The possible complexity of the language problem is evi- 
dent from the relative difficulties of the first and second 
examples. The extreme difficulty of finding conflicts in 
lengthy and complex legal documents, or in mdustrial 
specications by verbal methods indicates that symbolic 
is a tool worthy of consideration for application in 
this aren. 

Boolean algebra is an algebra of classes, and, therefore, 
useful method for solution of problems involving numerical 
Classifientions. Consider the following example from. the 
associateship examination for actuaries, 
Certain data obtamed from a study of a group of HOOO 
employees ina cotton mill as to their race, sex, and marital 
status were unofficially reported as follows: 525 colored 
livess 312 male lives; 470 married lives; 42 colored males; 
147 married colored: S86 married males; 25 married colored 
tales. Are the data consistent? Let VCA) denote the num- 
ber of elements in class A. From the definition of union and 
intersection, the operator No has the property 

ViAUu = NiAi + Violin & 


© « colored lives 
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m = male live- 


= marned lives 


Using the property of the operator twice, 


= + Nic Uu 
Niu Nim Niw) Vim w 
Vien m Nicnws + 


Substituting from the above data, 
=m 525 + 412 + 400 = 


lor the conditions to be fulfilled, there would have to be 
1057 employees. Since there are only LOOO employees, the 
data are inconsistent (2). 

The above examples of applications of symbolic logic 
have shown how relatively simple verbal relationships 
which would be extremely difficult’ to manipulate and 
simplify by using ordinary language, can be handled 
easily when symbolic logic is used. Llowever, when prob- 
lems are considerably more complex, and the number of 
interrelationships grow, the task of manipulating logical 
equations and deriving truth tables reaches formidable 
proportions. Mechanical and electrical devices have been 
built to test symbolie logic sentences (5). One class of 


these could be ealled logical analog computers. bor 
(Batyudb 
could be constructed from relays as shown in bigure 5. 


Instance, a simple analog for the sentence A 


3 


The switch S is excited by coil it is in position 
except when X is energized by A being closed. A, B,C, D, 
and / are relays whose coils are energized when the value 
of the corresponding term is “true.” bug, take the case of 
A false, B true, C false, and D false. Relay & is closed; 
A, ©, and D are open; switeh S is in position |; and the 
bulb lights -imdieating that the sentence is true for the 
given truth values of the constituents. An entire truth 
table for this logical sentence can be generated by system. 
atically trying all the combinations of constituent truth 
values, General purpose logical analog computers could be 
constructed of banks of relays, or eleetrome switching 
circuits. The design of these analogs is the inverse of the 
logical design of computer elements mentioned earlier. 

A method of generating truth tables from logical sen- 
tences, using a digital computer, is reported im (1). Pro- 
grams which generate truth values for logical sentences of 
two variables in any of the forms —conjunetion, disjune- 
tion, material implication, equivalence, and negation 
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are used on “nested” logical sentences to generate truth 
trlboles of sentences of any length or complexity, This 
nesting technique is shown as follows (1) 


= (p p 
pp p 
“ po p f fa 
‘ A, 
The computer may now compute truth values for the 


Whole sentence by finding the truth values for the “nested” 
two-variable sentences 

Another problem involving the partial generation of a 
truth table os that of finding only those values of the vart- 
ables which are compatible with the statement of the prob- 
lem. As an example of how a problem of this sort could be 
handled on a digital computer, the following tlustration bs 
presented. part is manufactured by three 
operations, one in department one in department 
and one in department [TEL Department T has five kinds 
of machines which can be used, [IL has six, and TED has 
three. Tlowever, beeause of seheduling problems and 
property changes in the part caused by using a particular 
machine ima previots department, there are restrictions on 
the sequence of machines which may be used to produce 
an neceptable part. The departments and machines are 


represented below 


> 
O » 


Stated svinbolieally, the process bs: 


(luBuCubulk) 


Intialll 


(Which reads, the combination of processes in departments 
1. Ut, and PED is equivalent to the use of A or Boor C or D 
or and the use of Foor Go or Hor or J or A; and the 
use of Lor M or N.) 
aC abl ak are written, their total effect bemg 
that the process is limited to the use of one and only one 


A senes of conditions im the form 


machine per department. The restrictions on the use of 


particular machines in sequence have been determined 


from shop studies, and are as follows: 


These restretions are froma problem in (4 
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al’ an M' 
B-~-F Oral’ ana’ ak 
ok’ n N' 
/ ink 
J AG 
A ink ak aw 
ah’ 
Vet" nbak aad 
ae 
The rest rietrons generate a truth table, whieh can be 


stored in the memory of a computer im the following 


manner: (See bigure 5.) The notation is shown im 
the representation of the departments and machines above 
The computer ts then instructed by the program of bygure 
6. The computer will then print those sequences of ma 
chines on which acceptable parts may be produced 

The appheation of digital and analog computers to the 
solution of problems in svinbolie logie extends the useful 
ness of the method greatly. kyg., a problem of the type 
just discussed could have ten machines im each depart 
ment, and seven departments without using all the 
memory of a computer of the IBLE 650 type. This repre 


the size of symbole logic problems solvable on a digital 


sents a total of ten million possible sequences 


computer is ultimately limited by the memory storage 
capacity of the computer, the problems lying within this 
limut are not trivial 


TABLE ME MORY 
\- LOCATION 


| | 002 
=— 
2 F | 003 
le | 005 
| LT TL] 
TABLE IK 
| O| F | F | | | 007 
FIFIF | | | 008 
2 F | | 009 
i i i A J 
TABLE JK 
O°123 4 9 
| | | Ge | | | 010 
La | F | | me... 
| | O12 
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ju~ C 4 5 
bie 


me reve 
‘ 
‘ 
“es? 
ves, ves. res 
‘ 
se’ 


recent article (6), at has been suggested that 
nutomation has been apphed ino manufacturing only in 
obvious sittutions where there is a demand for a high- 
production item. The author of the article suggests that 
wdditional applications for automation exist where a single 
subassembly or part i common toa vanety of different 
Heme bemg produced. Further, minor redesign of similar 
parts could yield a standard part which could be used on a 
large number of items. Tlowever, the identifiention of 
sHuilar parts, or rather, parts which perform: similar fune- 
tional requirements, is a difficult: task complex im 
dustrial sitet pon Svinbolwe can be applied in these 
eircumstances to reduce the funetional requirements of 
each part to concise logical sentences, stated im 
svinbole form, each functional requirement, which repre 
sents part ora designer's need for a part, can be com 
pared to tabulated funetional requirements, which repre 
sent standard parts bemg made or which are available. 
Consider the following hypothetical example: A company 
making business machines uses a large vanety of springs. 
The total number of springs used is extremely large, but 
the quantity of each variety is too small to permit) an 
economical use of automation ino manufacture. [Tt is sus 
pected that the lange varety used is partly due to the fact 
that oan situations where a number of different) springs 
would satisfy the funetional requirements equally well, one 
spring is specified by the designer, and from that) pont 
forward in the design and development procedure, the 
orginal funetional requirements are forgotten, and only 
that one spring is considered for the job. To find opportuns 
ties for automation, the funetional needs of each situation 


Where a spring is required are stated svimbolically 


a, @ Spring comstant A, 1 

“ Spring constant 4.4 | 

“ Spring constant A ete. for the entire range of requirements 
length O 25° 4 


= Length as” + 6.123" 
ete for the entire range of length requirements 


@&ric.. all the of descriptions needed te 
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completely define all the funetionsl requirement= of a 


sprig 


The funetional requirements of any situation which calls 
fora spring may now be stated in a logical sentence, e.g., 
(a, Uae ay) (ey), ete. The logical sentences 
may be coded and punched on IBM cards. The problem 
then reduces to an ordinary collation procedure. In this 
manner, all the functional requirements which overlap 
enough to permit the use of one standard part may be 
identified; and if the demand for that standard part ts 
suffiment, automated machinery for its production may be 
economically feasible. In addition, all the standard springs 
offered by vendors can be desenibed by the same symbols, 
<9 that the collator can find what standard commercial 
springs will meet the funetional requirements. Should 
sutomation prove impractical, this method will also show 
where there are opportunities for decreasing the number 
of different springs in inventory, and possibilities to buy 
more lot sizes. 

Descriptions of the operating states of components of 
complex systems may be written in the same manner that 
ranges of numerical values where represented by symbols 
in the last example. Using these svinbols, the mterrela- 
tionships ol components tay be deseribed in 
tences, and these combined to deseribe the action of the 
system when a component's operating state deviates from 
the performance standard. The logical deseription of the 
system also represents the analog of a control mechanism 
which will alter other components of the system to compen 
saute for that deviation. If the complex system ts a business 
organization, and itis not beyond the realm of reason to 
deseribe the operation of an) organization of hunts 
svinboleally, then the logical deseription is the analog of a 
set of rules or polices which govern the behavior of the 
organization such that it operates manner which wall 
insure that the objectives of the organization as a whole 


are best served. 


Conclusion 


At this pomt, the reader may wonder i some of the 
solutaons to suggested applieations of svibolie logie are 
merely dressed-up versions of common sense or ordinary 
enginecring procedure, and in reality a solution could be 
obtamed in the same manner by someone who knew 
nothing about formal logic. The answer to this query hes 
in the previously stated definition of logic. [Tt is 
means of clearly expressing verbal propositions and their 
relationships om svimbele form. Someone who knows 
nothing of formal logic may unknowingly use elementary 
forms of that method and solve problems. This, however, 
does not detract from the dignity or usefulness of a formal 
system of symbole logie and logieal operations. The 
mathematicouns mentioned earher knew little of 
the methods of a formal algebra, but managed to solve 
elementary problenis. This certainly does not argue against 
algebra as a formal method, or its dignity as an element of 


minthematies, 
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In conelusion, a discussion of the advantages and 
“dvantages of svinbole logic as apphed to practical situ- 
Is 

\n analysis of a complex situstion can be made, and the 
results are ina coneme and unambiguous form. Manipula- 
thot Ob elements descnbing the sVstem under 
comfliets and are disclosed and eluminated. 

The disadvantages of svinbolie logie in practical situ- 
ation are those of every model A model ts only an approxt- 
inate deseription of a system, and as such, one can neither 
use it to the behavior of the system, nor 
expect it to be valid when the svstem changes; te. when 
tous ne longer the svstem for which the model was 
designed 

To compound this the translation of 
complen verbal relationships fort is net 
have grappled with the problem of 
translation since Boole’s orginal dissertation, and the 
literature desenbing techniques prodigious. The material 
covered here has been of the most elementary nature. 

This logie is twoevalued: each proposition may be 
either true or false. Probabilistic svstems would require an 
extension of the method to melude alternative solutrons 
based on the probability of the stated relationships 
true. This could coneenvably be aecomplished on digital 
computers by combing the solution of the logical prob- 
lem with MIonte Carlo or other statistical methods (4). 

Svinbolie logie has been presented as a tool for analysis 
ofa practical situation. [ts value hes mits ability to reduce 
compler problem to clear, comeme terms. A know 
the subjeet, eluding its capabilities and limitations, is a 
Valuable addition to engineering methodology, 


KEEERENCES 


Wirtes “Computing Logical Truth with the Cah 
fortum Digital Computer Vathematical Tables and other 
bids to Con putation, Nol. No 35, (duly 151) pp. 

2) Gannerr, avo Sat somes. 1 Surrey of 
VMiewlern Algebra, MaeMillan amd Co. New York. 1955 (with 

(4) of the Laws of 7 on 
which ave hounded the Mathematical Theories of Loge and 
Probabilities, MacMillan and Lomdon, ISO4 (with jeer 
misston of MaeMillan and 

Warren Svinbole Logie in Operations 

The Johns Hopkins Press, 1054 

Logie 


Operations fer Vanagement 

pp OS 

Ele une, 


Watver © 


lnereasing the Opportunities for Auton 


Boolean Algebra and its Application 
Design Review, Mav June. 
med July August 


Serentite 


S J 

Methuen and Co Ltd., 1952 


September October, 1957 


How to attain 

NEW PROFITS 
through 

better maintenance 


JUST OUT! 


MAINTENANCE 
ENGINEERING 
HANDBOOK 


pages 
tlhustrated 


Sto u 
Fd. by L. C. MORROW Chairman, 


Nat'l. Plane Maine. & Engineering Conterences 
Scores of experts give you, in this professional handbook, 
all the workable ideas, methods, and techniques vou need 
for better plant maintenance tor lower production costs, 
higher profits, and improved product quality. krom organ 
7ation and administration of mamtenance forces to sanita- 
tion, welding, and corroston control, you have a detailed 
picture of plant maintenance procedures that produce results, 


and how to gain 

TOP EFFICIENCY 
in men, machines 
and methods 


INDUSTRIAL 
ENGINEERING 


wsrrate d 


HANDBOOK 


Fd. by H. B. MAYNARD, President, 


Methods ngineering Council 


kactual and how-to-do-it in approach, this book prownles 
a storehouse of dependable information on every Hyipeortiant 
aspect of industrial engineering: material handling, job 
evaluation, work measurement, wage payments, plant 
ihities and design, ritne and stuches, automation, 
Brings vou the 


linear programming to name but a few 


combined experience of 41 industrial engineering experts 


MAIL THIS COUPON TODAY 


Journal of Industrial Engineering 
225 North Ave., N.W. Atlanta, Ga. 
Send me the book(s) checked below. 


Kemittance em loosed 
j ( harge fomy account 


MOKKOW—Maintenance Engineering Handbook, 


$2 
MAY NAKIM@Industrial Engineering Handbook, 


Name 
Addre 
City 
Position 


Company 


THE JOURNAL OF INDUSTRIAL ENGINEERING 299 


This Profession—Industrial Engineering 


By Paul Overcast 


Industrial Engineer, Continental Can Company, Houston, Teras 


Have you ever thought about bemg manager of an in 
dustrial plant or null? No doubt you have, if you are one of 
many that spend ther productive time in an midustrial in- 
stallation. But, have you ever wondered where plant 
were belore they obtamed that position? Did 
they hold the same position that you hold today? Or did 
they really start by sweeping the floor? Some did you 
know 

you hold the position as head of an Tndustrial 
neering Department im industry, it tight be mteresting to 
know that one of the brequent promotions for a 
Wi that position is to plant manager. This was reported by 
SO per cent of the plants replying moa recent nationwide 
mVestigation, as shown in Table bo Another 15 per cent of 
thee plants stated that when vou are promoted, but not to 
plant manager, you will be made assistant plant manager 
Overall, you have nearly a filty-filty possibility of bemg 
promoted to the higher echelon of plant management. This 


ms the avernge for mdustry as a whole, disregarding the 


size of plants. The tidientions are even more favorable at 
your has, sav. SOO te LOOO ‘These 
Stallations per cent of the promotions Lor 
heads of Tndustrial Departments would be to 

These data, as wellas many others, some of whieh will be 
disctissed in this article, were the result of an 
tion of bunctions and Personnel,” 
(1) in whieh questionnaires were sent to all types of 


Asst) Plant Managers 4 It) lou 
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as to plants above 20 employees. They were sent to 
lop management and usually were completed by them. 
The questionnaire, composed of 36 questions, was rather 
broad in scope in that information was requested which 


heretofore was unavailable an accumulated torm. 


Industrial Engineering Departments 


This Profession engineering is most det 
nitely expanding. The number of companies reporting the 
establishment of Tndustrial engineering Departments im 
the period from P51 to 1955, compared with the fitteen 
previous vears (10560 TIO), shows a 278 per cent merease, 
burthermore, the comments trom those that de 
not have Tndustrial Engineering at present shows the 
trend for the future. As one “Tennessee plant stated, “We 
are returning your questionnaire partially filled; we do net 
have an Tndustrial Department, but we need 
ThOW 

Qut of the total plants indicating when the Dndustrnal 
engineering Department was established, only per cent 
showed the department was existence 25 veurs or tore. 
burthermore, better than 50 per cent of the plants 
the department had been established in the last ten years 


Need for Industrial Engineers 


At least two plants indicated they would have an 
lodustrial bngineering Department bongineers 
were available to fill the postions The shortage) of engi 
neers isa problem realized by nearly evervene, but varies 
mn aeuteness, An attempt was made to gather some baste 
information on this by mserting a question directly related 
to the problem. This question, “What is the present need 
for Industrial engineering in your Plant?” was extremely 
rewarding. Approximately three out of four plants stated 
that there were open positions in their plants for 
engineers. If this data is analyzed by plant size, we find 
SO per cent of the plants with LOOO or tore 
indicating present need. Plants with 500 to employees 
stated needs on a comparable basis to the average for all 
plants, and plants with 500 or less employees indicating the 
lesser need, 

Stating the need for Tndustrial engineers is one thing, 
but as to how great the need, is another. Realistically, one 
would probably imagine that the larger the plant, the 
greater the need, and that tis exactly what the data col 
lected shows. For all plants, regardless of size, the average 
number of Industrial Engineers needed per plant is 3.4. 
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The need varies from 1.3 Industrial Engineers for plants 
under SOO emplovees to 4.6 for plants over L000 employees, 
with the mediuin size plants (500 to LOOO employees) im- 
dicating 2.7. Actually, we can go one step further in pin- 
pointing the need for Industrial engineers and that would 
le us to the type of industry, The metal, food, tobacco, 
and eleetrical mdustries show a greater need than the 
average for all plants. By far, the industry indicating the 
largest need for Tndustrial Engineers was the electrical 
industry (0.3 additional Industrial Engineers per plant). 
On the other hand, the paper and petroleum industries in- 
dicated the need, with both stating 2.0. lEexplana- 
tion of this is understandable, with the petroleum industry 
bemg relatively new for This Profession — Industrial 

The questionnaire was designed such that the key ques- 
tions were followed by a related question, im order to 
Interpret accurately the data supplied. was the case 
When it was asked of the plants had ditheulty obtamiung 
qualified Tndustrial This followed the question 
regarding them needs and proved very valuable. After 
noting the needs that have already been pomted out, it ps 
SUPP risitip that some plants answered ion 
with the words, “ermtieal,” and “none avatlable.”” Also, it 
Was not surprising that it ilustrated the shortage of In- 
dustrial engineers, but it was surprising when a company 
stated Tndustrial are less available than other 
engineers. Whether this is the case in particular areas only 
was not obtamable from the data | 

The two other significant results were recorded from: this 
question. First, several plants made it quite clear m their 
statements that Todustrial Management graduates should 
not be substituted Second, 
many applicants are trying to fill vaeant positions for 
they mre quali fi df ane consequently, are making it 
It was rather humorous, though serious, 


for Tndustrial 


poor showing 
when a Texas plant stated the personnel available to fill 
the vacant positions are so poorly qualified that they 
would not leave the women alone during working hours. 
This brings us to another question which was asked, 
“What qualities are most essential in an Tndustrial 
neer?’’ The results of this question may be stated some 
thing like this: Industry wants a nearly perfect person, a 
person that bins the traits of being tops in every respect, a 
person that can be a salesman, a promoter of good labor 
relations, have leadership plus, and be a gentleman. This 
engineer also has to have tmitiative, sound 
judgment, be loval and tactful, have common sense and 
Hnagination, and continue to have an open mind. Then 
we should add to this that the Industrial kngineer has an 
educational background trang him to have analytical 
ability. There is little doubt that the sum of these qualities 
would result ina nearly perteet Industrial 


Industrial Kngineering Functions 


Perhaps the prime mquiry of the entire investigation was 
the question which involved the funetions of industry for 
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TABLE 2 
Percentage Distribution of Departments Responsible for Various 
Functions in Planta with Industrial Engineering De partments 


§ gud ga Bo 

Materials Handling 4 5 5 
Vianning Setectuling 54 i @ ws we ‘2 
Lay wo 22 si 4 


Depurtinents are pr 


which the Todustrial Magineering 
responsible The funetions that were bested on the 
questionnaire only thowe that are likely te be 
performed by Industrial engineering Departinents. woes 
net anticipated that the Industrial Engineering Depart 
ments would be reported exclusively responsible for the 
functions. On the contrary, the results of the tabulated 
replies indicated that other departments are more fre- 
quently responsible for performance of some of the tune 
tions. Those funetions which were most freepuently reported 
as bemg performed by the Tndustrial Depart 
ments were (A) time studies (OF per cent of total replies), 
(8) work simplification (OL per cent), (C) methods studies 
and analysis (SS per cent), (1) wage mernutives (85 per 
cent), materials handling (72 per cent), and cost 
reduction (68 per cont). Five funetions were reported to be 
the respomability of the [Industrial Depart 
ments by less than 15 per cent of the plants. Safety was 
reported assigned to Tndustrial by 4 per cent 
of the plants, quality control by 6 per cent, machme design 
by §& per cent, and production control and purchasing 
analysis by Tl per cent. There i some question im the 
reliability of the results regarding purchasing analysim. A 
similar shemale for 
research due to the interpretation of the funetion. Table 2 
shows graphically the percentage of plants meiceating that 
specihe funetions were the of the rial 
Engineering Department. It t hie 
graph that the Industrial bingineering Department was 
reported responsible for nine of the twenty funetions by 


statement nixe be mace 


ean be observed from 


more than half of the platite, 

Though the questionnaire was principally mtended for 
plants with Industrial engineering Departments the op 
portunity Was taken to from plants without In 
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TABLE. 
N water and Percentage of Plants Indicating Functions 
Performed bya the Industrial Engineering Department 
That Ave Muet fin portant 


bum ten of Plants Ver Cent of Total 

Stumdard a4 
Anal i- 
Zi 4.4 
Work Measurement 4 
Jobs 14 
2 
| 
(ither- 22 

Teotal 42h) jimi 


dustrial Departments as to the established 
department that was responsible for the funetions normally 
considered belonging to Industrial Lngineering, The 
results that when the plant is Without an In 
dustrial Department, the functions are dis 
tinbuted among several departments, among which were 
Production, Industrial Relations, and 
neermg. OF the nine funetions previously mentioned as 
bemg the responsibality of Tndustrial when 
there was such a department, only two of the funetions 
were the respomulality of one department more than 50 
per cont of the time. These were Tndustrial Relations’ 
responsibility for Job bevaluation (55 per eent) and bongs 
neering s responsibility for plant layout per cent). 
This that when the plant is without an rial 
Department there os little standardization of 
futetions to departments the 

\s stated earher, the questionnaire was desyned with 
lollow up questions and at maght be said it was purely for 
the accurate mterpretation of the data, Sinee the prime 
question of the survey covered the functions that the In 
dustrial baygineering Departments were performing, it was 
somewhat natural to ask these same departments what 
lunetions were the most mnportant from ther standponnit 
Also, since these departments are assyned a number of 
baste it Was mteresting to learn 
Which of the functions the plants considered 


Work Measurement 


There was a broad range among the plants in designating 
the most funetion; however, the one [ndustrial 
engineering function whieh is most important in industry 
is “standards.” It was indiented by 21 per cent of the 
plants. Closely following with less than 2 per cent vartia- 
tion is “methods.” Referring to Table 3, one can observe 
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the remaining ranking and the significance between the 
most important functions and the functions that are the 
responsibility of the Industrial kengineering Departments. 

Besides knowing that the Industrial Engineering De- 
partment nearly always was responsible for standards, it 
Was important to know which work measurement tech- 
niques were utilized to obtain the information for the 
standards. In the past several years, there has been con- 
siderable discussion and writing regarding the work 
measurement techniques and methods used by Industrial 
engineers. Consequently, to determine the use of work 
measurement by plants, several of the questions revolved 
around this important funetion. Ninety-six plants indicated 
that stop Watch studies were used (34.5 per cent of total 
indications); seventy-six reported standard data was used 
(27.3 per cent); sixty plants reported work sampling was 
used (21.6 per cent); thirty-five plants stated MTM (12.6 
per cent); and eleven plants indicated either micro-motion 
or BMT. Most of the plants indicated two or more work 
measurement techniques. 

In addition, information suppled and calculated shows 
10 per cent (an approximate average) of total Industrial 
engineering time is utilized on work measurement. The 
plants’ replies varied widely on this question and there were 
some indications that the 25 per cent and the 50 per cent 
categories were too readily indicated for completely 
accurate results. 

This Profession Tndustrial longineering, is undoubtedly 
yrowing at a far faster pace than is the supply of qualified 
Industrial An dlustration of the magnitude of 
this problem may be obtamed from the results of the ques 
tion regarding the educational background of the people in 
the Industrial Departments 


Kducational Background 


The results obtammed from the investigation for this 
question are shocking to say the least. Many of the In- 
dustrial Engineering Departments throughout) imdustry 
are manned by personnel that are not formally educated 
and trained in Todustrial OF course, it ts 
understandable that a degree in Todustrial Kogimeering is 
not absolutely essential since some plants have traming 
programs of their own for such purposes. Tlowever, from 
the results of these (lest lots, one would 
believe that this is one of the reasons whi plants stated 
qualified Industrial engineers are not available in suffierent 

From a total number of employees in the Tndustrial 
Engineering Departments surveyed, 249 had a degree im 
Industrial Engineering (Table 4). This ts less than 25 per 
cent of the personnel OF the 249 Tndustrial lengineers, 16 
indicated they also held advance degrees. Graduates of 
Business Administration accounted for 17.7 per cent. of 
the personnel, mechanical engineers accounted for 10.7 
per cent, and other college graduates accounted for 89 per 
cent. This leaves the largest category for personnel that 
are not college graduates (38 per cent). This is more than 
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the percentage of all and Mechanical, 
that are graduates. (Note: ALL tyures exclude clerks and 
stenographers 

\s Table 4 shows, the size of the plants had little or no 
bearing on the distribution of the employees in the In- 
dustrial Engineering Departments. The only significant 
statement that can be made, is that the average percentage 
Is not constant throughout industry. Closer analysis of the 
larger and more progressive plants Gand companies) shows 
thea departments are inanned by graduate Dndustrial 
it larger percentage the than other plants 
This can probably be attributed to the tremendous 


recruiting progratius these 


Professional Registration 


Professional registration ameng engineers has for many 
veurs been restricted toa very small percentage of the total. 
This is suill trae even atter the drives placed in motion by 
many engineering organizations. The results obtamed 
from: this mivestigation show the Tndustrial 
profession has not mereased the rate of registration among 
the results show the overall number of 
registered engineers trom the 358 engineers (lidustrial 
Meechanienl) in the Dndustrial Depart 
ments. Phis is a ridiculously low 22.0 per eent 

ated this should melude those all engimeer- 
professions instead of just the 
profession, are failing te protect ther professions by net 
registering. Tt is true that some states make it rather too 
diffientt for engineers to become registered, but with eon 
tintied effort on the puart engineering Organizat totes, 
this can be Pndustrial has a unique 
problem us the Im recepnized by all stiutes 
and territornes, making more diffeult for registra 


Phits ean ane shoul definitely be overcome 


Wage Payment Plans 


With two that have Wage 
lor hourly paid eniplovees are also plants that have In 
dustrial Departments. Henee, egghty-five per 
cent of wage meentives tor hourly paid employees are 
developed through standards established by [Industrial 
less than 10 per cont of theme 
Wage mmeentives are based on past production records, The 
however, Tn those Where there was a Supervisory 
meentive plan (37 per cent of the plants), the bases are 
plant profit, and production effiereney (Ob and 37 per cent 
at replies, respectively). Results also revealed that O14 per 
cont of the extend the Supervisory iheentive 
ter them 

Phe treatment of Dndustrial gineering personnel varies 
tremendously with the plants and companies. For example, 
the question was asked, “Are your DTodustrial 
exempt ander the Federal Wage and Tour Law?" then the 
“Tlow are Vour engineers for overtime?” 
The results that were obtamable from the first (ptlest hott 
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4 
lhiatribution of Employees in Industrial Engineering 
Department According to Educational Background 


Ne of Employees Departments «ith 


No of 

loyees 

size of Plants Inelustrval vs View Hus Cither 

linet lhe lhe I he 

atees 

Lmder is | 2 it) 


* baxchuding Clerks and Stenographers 


showed an overall indication of per cent of the 
classified ther [Industrial as exempt. The per 
cent varied with the type of dustry, sone 
idustries the mumber of reporting were too lew to 
be significant for an The electrical medustry 
showed that 64 percent ol them plants Classified Treltst rial 
as exempt, whereas, the paper madustry trom an 
equal number of plants, showed LOO per cent. The metal 
industry showed SO per cent, with the results coming from 
a sampling of the entire industry. Textile and chemical 
plants iihiented OFF per cent and GO per cent respeetively 

One would think the methods of paying engineers lor 
overtime could be predieted readily after understanding 
the results of the classification of engineers. This ie not the 
case, Tnstend of paying compensation for overtime on a 
comparable basis to classification, results show OO per cent 
of industry not paying any compensation to Dndustrial 
engineers for overtime work. OF the 50 per cent that do pay 
and 1 per cent allow the base pay rate. The reining 
plants give equal time off. These results may be stm 
marized by saying at of the ries 
recognize that overtime work deserves competeation 


regardless of the law. (See Table 5.) 


Professional Activities 

‘Two other that have 
the treatment of Tnedustrial dustry relate 
te: (A) paying dues to (1) 
sending personnel to attend conferences, clintes, ete, to 
keep abreast with the profession 

Approximately 4 per cent of the plants stated the 
dustrial kingineers. The size of the plant seems to have little 
or no bearing on the results of the question, however, the 
size of the company did show some variation. More plants 


from the smaller organizations medicated they pay the dies 
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TABLE 5 
N and of Plants That lndivated 
Industrial Ave Allowed 
No of Plants In 


‘lw atone Per ( ent of Plant» 


Metal Zl . 
1] | 
wo 
mo 
2 ou 
bleetreal sis 
wu 
This was distributed as followe Mane, 


Straglit ‘| Same Amount of Tine Off 


than those from the larger organizations. On the other 
ith regard sending personnel to attend , 
clintes, ete., the larger organizations participate toa greater 
extent than the smaller organizations. Overall, better 
than SO per cent more plants (7S per cent) send 
baygineers to meetings and pay ther fees, than pay dues 

ois most commendable that a high percentage of 
companies send engineers to meetings and conferences, as 
this a logical place for educational mstitutions and 
to exchange It would be to both 
parties tore the dues to professional 
ae ther meetings are also very satisfactory im the exchang 
my of Tt is at this type of meeting that Industrial 
exchange ideas and thoughts among other mem 
bers of their profession. Phere is hardly an equal method of 
keeping abreast of the profession 

In order to determine if the number of plants that pay 
dies to socmeties, and the mumber that send engineers to 
conferences, are independent, a statistient test with the tse 
of the eli square statistic was applied to the results. [t was 
ealeulated that there was no correlation at the 5 per cent 
level of sygmifieanee and that the aumber of plants paying 
dies to soeties and the number of plants sending 


hagineecring Curricula 


During the entire period of thissmivestigation, the word 
“qualihed” was emphasyzed by the plants. In order that 
colleges may meet industry's educational requirements, 
Which they are anxious to do, the plants were asked to 
iidhieate the courses that should be added to, or emphasized 
the Industrial kngineering college curticulum: to better 
equip or qualify the engineering graduates. There were a 
total of 36 different courses indicated by the plants. The 
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course that was indicated by the largest number of plants 
($1 per cent) was labor relations. The second highest 
course (27 per cent) was work measurement, third (26 
per cent) Was accounting, fourth (25 per cent) was statis- 
ties, and filth (23 per cent) was report writing. The next 
five courses were materials handling, mathematics, 
pavehology, engineering economy, and economics, 

ft ocean be observed that with such courses as work 
measurement, aecounting, statistics, and mathematics 
idieated among the most needed, the plants are realizing 
the serious handicap them Tndustrial engineering Depart- 
ments have without the service of educated and trained 
lndustrial As to how long these departments 
are gomg to have to continue without the service of 
educated and tramed= Tndustrial depends on 
both adustry and education, as well as the imdividual 
engineer. This is true of the entire profession 

in many respects, as illustrated by the result» 
of this investigation, is net helping to solve the problem to 
the extent possible. [It has and is contimumg to show the 
lack of an meentive for the potential engimeer, For example, 
industry has allowed the average carnings of production 
workers to triple while allowing the average salary for 
engineers with ten vears experience to be only S7S50 per 
vear. The gap in take-home pay between production 
workers and engineers is becoming so small that the om 
eentive to become an educated. and tramed engineer is 
nearly eliminated from the finanetal standpomt. Diseon 
tent over professional status and the disappearance of 
individual relations between engineers and ther employers 
are also cited as principal causes whereby uidustry bs 
removing an important meentive. These policies adopted 
by industry are turning the engineer to unionization, 
reports the National Pndustrial Conference Board. The 
Board shows that GO.0000 of America’s engineers hold 
union cards and the mumber is inereasing daily. [tis 
questionable whether this trend will help to sell the po 
tential engineer to become an educated and tramed man 
and henee, fill the many positions that wall be open om the 


industry of tomorrow 
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Toward a Theory of Job Design 


By Louis bk. Davis 


Those whe ereate, design or establish jobs (exclusive of 
jobs) are guided almost entirely by 


the following tew eriterta: 


Process consideration 

4. ‘Time or space 

of available and numbers of people available 
5. “Tools and equipment required 


man 


7. Custom or 


By relving on these marrow ernterm we have designed 
terms of clissatistact pon, resistance 
struction. [no addition, designs of jobs have trequently 
te Vield predicted results. Such tahures to achieve 
anticipated results trequently have been lan to the 
“contrariness of human mature” This may be taken as 
nnother Wav ob ine the current state of 
knowledge, the efleets of job designs cannot be estimated, 
view of the engimeermg, psvehologieal and 
social comsequences of job designs, the mability to 
the efleetiveness of a riines 


Wheat faetors the design of poles 


What entero <hould be used to evaluate the efleetiveness 


There is litthe available mitormation about the role of the 
job as industry has developed ito terms of its effects 
on the forint structure of 
the company, and the mdividual working on the job 

brom the engineermg standpomt, the design of the jyob 
afleets productivity, the further subdivision of jobs, the 
developrient of automation, the efleetive design plant, 
tends, und und ith yeneral the 
engineering concepts underlying the methods of organiz 
Volume oF prem dine t 

the economic Gas well as engineering) stated 
job design affects the coneept of specialization of labor 
terms of its effective use, total ecomomie costs as well as 
currently tsed production Cost mensures, the efferent 
utilization of manpower and materials, and capital mvest 
rent requirements 

brom the psvehologieal standpomt, the design of the 
job affects requirements tor employees’ aptitudes, skills 


and knowledge: emplovees’ morale, motivation, satis- 
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faction, and imter-personal relations; 
of work performed; acceptability of job changes, 
transterabulity of skills 

brom the soctml standpomt, job affeets the 
methads of organizing medividuals and groups tor work; 
status differences assocmted with jobs, soenml ane ‘on 
yunizational structure of the company, pattern 
method of communication within the tens 
ter changes ith poles, products, pre 
cedures 

Where the content of jobs has been manipulated or 
redesigned, within peiveh strate technology, bat thie 
direction of enlarging job size or responsibility, gates 
praduetivity and morale as well as reduced costs have 
reported These results serve to olustrate the om 
ubulity, trom the of the elasstenl method of job 
Irnetionation, te the ol job 

Such gains may posably be explamed as derived 
a resolution or of confhet exiting be 
tween the forees and his assigned 
work. This kind of confliet has been observed tn a number 
of imstanees, and when present appear to have a del 
eterious efleet upon productivity, costs, morale, 
organization, ete. our hypothesis that many personal 
and produetivity problenies in stem cireetly trom 
existing, 

As was earher, the area of pol design is complex 
multidimensional, mvolving organizational, 
and personal dimenstons. Job design may be coneemved as 
the organization ol the content of a job ter saatinty the 
technical ronal of the work to be 
accomplished and the requirements of the persen 


performing the work 


Delineation of the Job Design Area 


Some fundamental questions must be ramsed concerning 
the design of jobs and the effeetiveness of performance on 
jobs of given design. Tt om diffeult not at 
present to provide definitive answers concerning these 
as follows: 

What does job design have on efleetivenes- 


of an individual's performance as mensured by 


a productivity 


by 


long terin Comt. 
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2 What are the most efféetive methods of achieving 
performances Abis requires a consideration of 
the methods of design and specification of jobs, as com 
pared with the methods af palliating the effeets of given 
designs by varius and external to the 
content of the job itself. These considerations melude de- 
the eHeetivencs ol original job design (oni 
pared with after-the-tlact alteration of jobs by means of 
job rotation, job enlargement, ete. The effectiveness of job 
design methods must also be compared with the alter 
ation of factors external to the physical job, such as human 
relations programs, supervision and leadership, mcentives, 
ete. Additionally, the question ts saised gs to when and to 
What extent correction 7 job designs should be undertaken, 
and whe in the organization should be concerned with this 
wetivity. Although there appears to be competition for this 
metivity between and personnel departments, 
the activity at present i ina noman’s land 
between the two 

data are available to pertit management to 
make a decision concernmg wher, how, and by whom the 
wetivity is to be performed. Decisions concernmg this are 
fundamental to the structural design and operation of the 
entire organization 

6. Cana theory of job design be developed and, if se, 
ean be expressed in terms of systematic methods in the 
ol guides and principles that ean be used by engineers, 
persannel managers, supervisors and managers? Satisfying 
this need will require a comprehensive research program, 
concerned with 

a the nature of job content as related td job performance, to 

aspiration. toe perception of the mdiveduals role the 

by the poterrelationships between the technical, organizational 

nod personal requirements of each job 
© of the organization » <tructural design theornes 
nod methods as related te the technical and personal re 
for eflective performance poles 

do evaluation of the technical production Cheortes and methods 
related to the organizatonal and personal requirements 
flor eflective performance on 

onan evaluation of the eflectivenes® of manipulating factors 

internal amd external te job comtent the 


of cach 


Considering job design as creation and specication of 
job content, then tt must be viewed as a design problem 


* 


Which rames the needs to: 
> 


Wlentify boundaries and evabhuate boundary conditions 

wdentify factors operating and deternune the efleet of each 

determine methods of estimating and controlling the factors 
operating 

do develop systematic design methods 

develop cf predeting Conse al design 

«ley elop metheads of feed back toes amd to 
ake in design 

g develop eriteria for evaluation (Potal economic cost meas 
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Dimensions of Job Design Theory 


A job design theory can best be conceptualized in a 
three-dimensional framework, namely, an organizational, 
technical, and personal framework. Within such a frame- 
work we may be able to move toward the development of a 
job-centered approach to job design. The technical dimen- 
sion ineludes the factors involved in the production 
process, such as man-machine systems; work flow and 
scheduling; inspection and control systems; work methods; 
work performance (quality and quantity) standards; tool, 
equipment and product design; and plant layout. The 
organizational dimension includes those factors involved 
in the structure of the organization such as funetionsal 
specialization, communication and coordination systems, 
number of hierarchieal levels, number of  sub-units, 
policies of delegation of authority: and responsibility, 
Inanagement operational practices policies, con- 
tractual agreements with unions, ete. The personal dimen- 
ston mneludes such personal behavior influencing factors as 
executive, supervisory and employee abilities and skill 
levels in relation to requirements, personal and group 
motivation and attitudes, personality characteristics, 
interpersonal and group relations, identification with and 
perception of the organization, aspirations and rewards, 
participations, ete. 

The job-centered approach, which is bemgg conceptu 
alized, gives consideration to the question of how job 
content can be organized to satisivy the meeds of the 
techmieal process, of the organization, and of the individual 
worker in order to maximize economic productivity. Tn 
wddition, this approach is based upon an hypothesis that 
there is an organization-worker-job interaction and that 
therefore a job cannot be designed independently of the 
process, Worker, and organization variables. Changing any 
of these job design variables in isolation from: the others 
may cause a decrease in economic productivity. addition 
to the variables mtroduced by the technical process, the 
organization, and the person, the job-centered approach tw 
job design requires the consideration of effects stemming 
from the mteraction among the variables. The concept of 
interaction, although recognized and discussed for some 
time now as a significant factor in obtaming the goals of an 
organization, has not had adequate exploration, and con 
sequently there is littl: available data about the variables 
related to job design 

Although the importance of individual aspects of the 
job-centered approach have been recognized for some tine 
(such as job satisfaction, supervision, ete.) they have had 
stnall influence on job design practice. The probable reasons 
for this are CA) the lack of background necessary to utilize 
properly the available information on the part of those 
responsible for the design of jobs, (1) the available data 
have not been presented in the form of a job design theory, 
and (() research conducted and results presented relate 


only to isolated aspects of the total worker-job problem. 
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Development of the Criterion: The Total Eeonomice 


Cost Measurement 


A good many of the difficulties, the mmeonsistencies of 
results and the opinions held concerning the design of jobs 
can be traced to the lack of a fundamental or true eriterton, 
Before much progress be the current 
status, an adequate eriterion and sub-eriteria will need to 
be developed. The lack of a erterton has led to job designs 
the satisfaction of “upparent econonie 
The term ‘apparent’ is used because total costs are seldom 
considered, for there are little data available to provide 
vardsticks for total cost analysis of a given job design, 
This is indicated by the results obtained ina survey of job 
design practices in American mdustry (1). In this survey it 
was found that the design of mdustrial jobs is overwhelm- 
ingly influenced by the erterion of minimizing 
cost of that is, immediate costs of performing 
required operations. The usual indieator of achievement ts 
tickers tes bee tint Designers of 
jobs see the eriterion as bemg satistied by the application of 
principles or guides that have been previously mdicated, 
‘The neceplance ol Hnmediate costs or lowest apparent 
unit costs explains many current practices mm job design as 
well as the tneonsistencies polhey and programming that 
exist between the technreal and the personnel sides of an 

We need to develop total economie cost eriterton which 
is concerned with the total cost of achieving productivity, 
and theretore relevant long-term charges the 
fort of money, time, growth, and psvehologieal, soci! and 
cultural stress costs. One of the serious research probleme 
that confronts us is to determine how total economic cost 
Is to ensured tertus ol or- 


ana resource cost enterm 


The Need for Job Design Experimentation 


The nature of job design research and experimentation 
should refleet> the multidimensional character of the 
problem. The problem area is amenable to attaek from 
many quarters, under certam requirements. Paramount 
among the ts job content must be a 
central theme of all expermentation, with other variables 
ineluded im various expermental designs. addition, 
and among variables 
calls for a problem-centered, research-team approach 
Some of the dangers and detects of a compartmentalized 
approach have been madieated previously 

The nature of the problem area calls for on-the-scene 
rather than laboratory expermmentation, with all of the 
attendant difficulties assocmted with field studies. The 
fortitilation of <vstematie enteria, hypotheses, dependent 
and independent variables, will require naturalistie studies 
in the form of observation of sample jobs. As assumptions 
and hypotheses are formulated, they may require em- 
pirical testing in the laboratory before use im the teld., 
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Based upon previous work, intuition, and experience 


With a variety of business and industrial jobs, it ts estimated 
that in terms of research results, the most fruitful port of 
iitial study and application should be the semi-skilled 
job. Information and experience gained with this jobs class 
may permit research attention to move tape the job 

The types of data that will be required will eall for re 
search and field studies that may need to be conducted by 
Industrial bongineers, industrial psvehologists, socrologists, 
anthropologists, economists, and researchers in personnel 
administration and industrial relations. Obtamiw the 
data needed will require that studies be conducted that 
will range from determining and measuring “meaning 
fulness’ as apphed to operations, work methods, work 
groups and jobs, through the determination of long term 
total economic cost ertteria, to the determination of the 
means of designing processes, systems, methods ane 
product components in terms of pol needs 

To answer the questions ramsed concern the 
of job design on economic productivity and the means of 
achieving effective job desygns, research will need to be 
undertaken m regard to the influence of job design on 
efleetiveness of individual and organizational performance 
Questions such as the following will need to be answered: 


| What influence does work content of a job have on efleetive 
ness of performance on the jobs? 

2. Can long term costs (total economec costs) for jobs 
designs be determined? (Where high economee productivity 
provides minimum total long term cost 

4. What om the efleet of work content on econome productivity? 

1 What wm the efleet of work content on, and to what extent wm 
ita determinant of, pol satisfaction, morale, ete 

5 Can comparative and systematic studies of the content and 
design of jobs be undertaken between with reeords of 


high and low economec productivity 


Systematic studies will need to be undertaken to 
compare the effeetiveness of “proper,” orginal design 
with after-the-fact correction of Such studies wall 
need to be undertaken for altermg both mternal job content 
luctors bey «ol job job ete 
and external job tactors such as supervision, mecentives, 
ete 

‘To develop a theory of job) design, a series of related 
research studies are required, whieh would provide the 
means of securing answers to such questions and of cheek 
ing hypotheses such as the following: 

Higher econome productivity (lawer total costs) wall 
result from speeatying the work content of a job mm the 
direction of: 

1. Putting together task= that com=titute a 


of activity for the worker 
Inereasing the number of tasks on the pols to cover a larger 


jrart of the process 

4. Puttong together task« that are simular in technological con 
tent and «kill 

Putting together task= that are sequentially related in the 
technical 


5 Proveding a sequence of task= of operations (or organiza 
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tion of work) that provides a ‘‘meanmgful relationship 
between 
Potting together task« that will include in a job each of the 
four types of work or activity inherent in groductive work, 
namely: production (processing), auxiliary (supply, tool 
mg), preparatory (eet up), and control (inspection: 
Putting together tasks that include some final activities in 


the process or sub process, or completion actyvities of a 
of product 

S Putting together tasks that permit completion of the part, 
product of proces. 

4% Arranging the physical facilities and workeflow so that the 

gedividual can identify the end use made of his work 

Arranging the physical facilities that identificatioR and 
communecation with prior and following work stations can 
tuke place as a matter of course 

Putting together tasks and/or geographically locating the 
work «tatoon wo as to facilitate involvement of the worker 
hus immediate work group 

12 Putting together tasks so that the job requires mecrensed 
worker responeitility for rate of output, quality, ete 

1S Putting together tasks so that the job provides the worker 
with merensed control over hie job that im, that enlarges 
me al decision peerinits choice of work 
tools work rate, ele 

1M Proving or permitting the development of work methods 
that are “meaningful to the mdividual 

1S Putting together tasks that permit the worker to perceive 
(the role he playa) to hus organizational 
work unit and to the company as a whole 

1) Putting together tasks that permut the worker to perceive 
the value of his contmbution to the organization, to the 
community, to 

17 Putting together tasks or dividing the product so that the 
jobs perceived as contamimng some degree of prestige within 
the organization of community 

IS the product inte units whieh will increased 
with the product 

1 Putting together task« that wall result in a job requiring 
utilization of the workers skills and 

4) thiveding the product into the units (parts, components, 
documents) which are “meaningful” entitves to the worker 

21) Arranging the physical facilitees and designing of commun: 
cathon networks so that feed back on performance quantity 
and amd on central information as to production 


nemds takes place automatically and constantly 


2 Providing “meaningful” measures of performance to the 
Proveding “meaningful ieentives to the mdivedual 


As midieated earher, the end purposes of job design ex 
permmentation are the development of a theory of job 
desygn and of design guides or principles that flow from: it. 
The availability of a theory and guides will permit) the 
desyzner of jobs to evaluate job design alternatives, select 
optimal arrangements, and develop performance predic- 
tions for designs specified 

Industry's need to be mvolved in the development of 
effective job designs ts acute at present and will continue 
to be so as our economy moves into the era of automation. 
Previously it was indicated that determining optimum job 
dlesygnis will be one of the rhiajor needs to be met by in 
dustry and business im order to maintain, and meet 
competitively, inerensing levels of productivity. Ino 
dition, effective mtroduction and use of automation will 
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create a very strong demand for job design, theory and 
principles. These will be needed to help ascertain what 
processes should be automated with reference to what 
workers can and cannot do better and to aid in the effective 
design of automation systems as regards the human links 
in the control of automated processes, particularly where 
essential data for making judgments cannot be furnished, 


Future Practical Steps 

Job design will require studies in industrial and business 
settings. Needed for the conduct of studies will be widely 
varving (in terms of size, organizational structure, process 
design, ete.) office, industrial and distribution facilities. A 
secondary source of data in job design studies will be the 
laboratory which will be needed for the development and 
testing of assumptions and hypotheses. 

The immediate steps to be undertaken in a study of job 
design are those concerned with the identification of 
variables and their classification into criterion, dependent 
and independent variables; with the development of 
hypotheses; and with the identification of the effect on job 
designs on productivity, costs, human resource use, ete 

There are a number of avenues which may be fruitfully 
pursued in beginning a study of job design. The first is a 
review and study of traditional and historic job designs. 
By subjecting to careful scrutiny jobs that are highly 
valued and that yield a high degree of satisfaction, the 
factors associated with these jobs, and the methods of job 
design may vield important insights and hypotheses. In 
addition, and m contrast, the examination of low-valued 
and low-satisfaction yielding jobs and the factors assoc. 
ated with these would also be expected to vield significant 
msights. 

Another approach that needs to be pursued bears upon 
current job design methods and is concerned with the in- 
vestigation and evaluation of the job design process. This 
extension of an mitial study previously undertaken would 
he concerned with the identifieation of methods of job 
design, responsibility for the design process, methods of 
installation of job designs, process decision variables, and a 
study of the designs in use in terms of labor availability, 
skill supply, capital investment per worker, organization 
size, equipment, requirements, ete, 

A third avenue which must be pursued is concerned with 
criteria formulation. Needed is a determination of the 
means of establishing a minimum economic cost or max- 
economic productivity ertterion, OF concern here 
are such eriteria as absenteemm, quality, productivity, 
turnover, and hidden costs such as organizational flexi- 
bility, employee grievances, ete. In addition there will need 
to be developed measures of the effeetiveness of job de- 
SUZTIS. Such measures will be concerned with or account for 
criteria related to job conditions, job content, job methods, 
organizational structure, social organization, communica- 
tion and feed-back, company-community relations, physi- 
cal and physiological factors, attitudinal and motivational 


factors. 
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mentioned erteria development, the study of current job 
will the | tor bre tested iti prep 


aration for the ot a job design theory 
The goal of the steps the preparation lor 
hvpothesis testing or experimentation, permitting mm the 
of study the developrient job 
the development of job design theores. With such theortes 
avithable, design enn be extracted 
for the use ol engineers, persomnel administrators, super 
Visors and management the solution ot the every day 
—problem- developing job 
The pavoll value that may be estumated of job design 
will extensive lot the screenees, 
ment, the avathibilitv of job design theores will have a 


PRESIDENTS 


MESSAGE 


INTROSPECTION 


Bs Gordon B. Carson 


has been condemned by some as a Waste 
of time, destined to lead only to an inferiority complex 
in the mond of the self-analyst. But this is only a superficial 
poart of the problem True deeper. Spee 


eally, itis the action of looking under the surface. implies 
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tiemal on the design of reward on the 
design of control ste tis the 
operation of large part «of thie peers reat 
In terms of engimeermg serenec, the avathabality 
ol job t will have m st thie 
ations, methods, jobs, ete. As comeerns the screenees 
othe tedustrial setting, the availability of clesigen 
theores will have a strong beartg upon the ton of 
human relations programs and methods, and eonplovee 
selection and placement of personnel, desu of 


ecutron networks and reware ete 


1) 
Joly C riterin 
2. Nar 155 


the determint tool te wiv” behind the bas 
taken place, and it an of the 
intellectual route by whieh we arrived at the present 
sit 


We, the members of the most recently organize | and 
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integrated professional engineers: organization, re- 
examine the route over which we have come. We must 
better understand where we are going and the achieve- 
ments which must be ours if we are to fulfill our obliga 
lions and respomubilities as professional Industrial 
The end of World War | brought with it an urgent 
need for a rapid return to economical manutlacture, and 
a stcdden break with the “ecost-plus” philosophy. The 
beyinning of professional Industral lungineering was 
thus related to the “efficrencey expert” era. Here the pro 
lesion suffered because tightening up is never popular, 
and many “efliceney experts” were opportunists rather 
than engineers. The patent medicine presenibed by many 
of the dl-tramed “experts” did not cure the malady, and 
the failure was charged against truly professional tn 
dustrial 

Just as the medical profession had to wage war upon 
quackery in medicine, the professional engineer had to 
wage war upon the charlatans of his day 

During the formative years, Industrial were 
yenerally those who mterested themselves in the produc 
tion phases of a mechanical engineering education. While 
they were destined to work more with people than were 
their fellow engineers, a real effort: to include applied 
psychology as an tnportant integral part of their baste 
education occurred as recently as two decades ago. As a 
result, Industrial engineering became “tool ort 
ented.” We knew much about plant layout, tool design, 
materials handling, and the production processes of the 
metalworking industry, i an empirical sense, but) very 
little about the ratronal theores or fundamental laws upon 
Which the whole Amerean industrial colossus flourished. 
burther, we were frequently “cook book” specialists. 
We had recipes; we could “get uw done.” But while we 
undertook to industry, our profession 
hike all others had a distressing tendency to stagnate in 
its methodologies. 

Then came the greatest penod of urgency our nation 
has known World War Mathematicimns and engi 


neers joined to give us statistical quality control. While 
the point may still be argued heatedly in some quarters, 
this “new look’? was responsible for demonstrating the 
usefulness of statistical methods in the probabilistic world 
of the Industrial lengineer. New light was thrown upon 
the systems within which we operate, and true engineering 
analysis in the world of mass production became of age. 

Concurrently, the impossibility of waiting for individual 
geniuses to solve the problems of technological wartare 
forced the team approach, Operations Research was born 
and helped us avoid many of the errors in planning made 
by our enemies. The “Systems Approach” was also con- 
ceived. 

Change had always been a part of the philosophy of our 
nation. We, a relatively young country, had always worked 
on some frontier, But now the rale of change bothers us. 

So Industrial Engineering. We must continue as 
practitioners and, at the same time, become creators of 
new theones and developers of new methods of analysts. 
We must, therefore, support two main stems of endeavor: 


| Promulgation of the best common current practice 
) The rational development of serentific laws for industrial 


operations 


Diffieult? Yes. Impossible? No. 

low do we accomplish it? We accomplish it through the 
time-honored practice of using the teamwork of groups of 
experts, each of whom works on a segment of the overall 
problem, and has his work coordinated with that of the 
others. 

In the year ahead we must separate contentiousness 
from intellectual inquiry. We must differentiate between 
obstinacy and loyalty to a fundamental principle, and we 
must strive for a new level of mutual understanding 
between operator and creator, practitioner and researcher, 
holar and builder, engineer and serentist, 

Industrial engineering has come of age. Its spectrum 
now runs from theoretical analysis and abstract thought to 
empirical practice. The challenge to AITLE to become both 
the catalyst and the modulator is real. The future has 
greater potentialities than at any time in our history. 


NOTICE 


ALL MEMBERS OF 
SUBSCRIBERS TO THE JOURNAL OF INDUSTRIAL ENGINEERING 


The United States Post Office Department is issuing new regulations pertaming to the use of postal 
zone numbers in the addressing of all second and third class mail Tf your zone number is shown on the 
wddress plate attached to this JOURNAL, please ynore this notice. If your postal zone is not shown on 
the address plate hereon, please furnish the proper complete address information, including the zone num- 
ber, to yvour AITK Headquarters at once. The information should be sent to: 


American Institute of Industrial Engineers, Tne. 
Vorth High Street 
(Columbus 


THRE Allk AND 
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INSTITUTE INTERESTS 


(ALENDAR 


September 


> 14 Third Annual Intensive Course in Statistical Quality 
C‘ontrol, Sever Hall, Washington University, St. Lowe, Misscurt 
Write J. KO Lahr, University College, Washington University 

“2b A Short Course in Appled Linear Programming; North 
Carolina State College, Raleigh, North Carolina, Write College 
bxtension Division, No State College, Raleigh, N.C 

22.24, 25 Sixth Annual Meeting of the Standard« hogineers 
Sooety Theme: “Standardization Through Applies 
tron’’: Hotel Commodore, New York Citv. Write RO Mason. 
Publie Relations Chairman, Room 2624. 70 bast 45 Street, New 
York 17, New York 

2625 Sixth Annual bleetronies 
Morrison Hotel, Chieago, Werte TEL. Garbarine (ATR) 
Armour Research Foundation, Tnstitute of Technology 
oth St). Chieageo 16. lines 


January 


6 FandS 158 The Fourth Natronal Sy Reliabulits 
Quahty Control Tletel Stathers Washington, DC.) Write 
Kichard Mo ROA Bldg 2. Moorestown, New Jersey 


March 


7 21. Fourth Nuclear and Sernce Confer 
ence, Chieago, Write South 7th 


CENTRAL ARIZONA CHAPTER 


The Central Anzonsa Chapter began its busines meetings with 
intended to the members with the locale after 
whieh the ch ipler named, Central Arizona 

liclustry os relatively new to Phoenix, Arizona, and the Farmers 
and Citrus growers are getting to be fewer in number dav by day 
The development thee few vears has created a 
need for the Industral bogimeer on Arizona, whieh ean be evi 
denemd by the fact that the Chapter membership i made up of 
neweomers to Arizona 

In carrying out program, the officers obtamed for <peak 
ers, Walter TO Loueking. President of Anzona Publhe Service 
( , Dr Creorge Bove. assistant to the President, Arizona 
State College at Tempe. Anrzona, and Lew Haas, baxeecutive 
Secretary of the Mit ae (Chamber of Commerce, whe all spoke toni 
thie development and growth of Arizona the Phoenis Metre 
im aren 

These introductory meetings were then followed ap with pro 
of a more nature Dr Terbert Ro Groseh, Man 
ager, Appleations, Computer Department of the General bleet re 
Company on Phoenix spoke on the future of eleetronmes and com 
prite rs in Mer Mi Manager of Factors 
\ecounting for Atreratt) Corporation in Cromdvear, 
Arizona, spoke on Cost) Accounting on Industry A panel was 
formed te diseuss Todustrial in Arizona and resulted 
cone of the mest satisfy the members had attended 
even though the subjpeet was entirely discarded many times 
throughout the discussion Another panel im formed for the July 
meeting with the topre of Preventive Maimtenance and Replace 
ment of Machmery and 

\n biddueation Committee bas been formed te produce ani 
neering study of our educatronal «vstem in the secondary <chool- 


The prime funetiron of the committee i to prepare a «tudy of the 
prey 
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«vetem as it relates to the colleges and universities in the eng 
neering field. This study will enable the Chapter to make reeom 
mendations on the improvement of curneculum for students gomg 
on to higher education as well as directing students inte the eng 


neering areas 


CLEVELAND CHAPTER 


All the members of the Cleveland chapter can feel proud of the 
highly successful Sixth Annual Spring Conference that our chapter 
sponsored in March at the Hotel Cleveland. [It was a tremendous 
success, All the plans and preparation= for the conference were 
under the skillful guidance of conference chairman, Ceeorge Wassel 
and he was enthusiastically supported by Hill Ritehe as confer 
ence chairman. Quent Groth, a» program chairman, John 
Thompson as arrangements chairman, Joe Terr in charge of pro 
grams and publeity, George Calvert exhilut« chairman, Ben 
Pintemeh announcements chairman, Al Hloesinger registration 
charman, Berlin treasurer, plus assists from Walt Rudolph 
f and Pete Canota, all eontrbuted to the unusually fine 
conference [Tt was reported at the Apnl Chapter meeting that ap 
proximately S70 registrant= attended the conference here om 
Cleveland; the largest attendance of any Cleveland Chapter con 
ference The number of exhilut= was unusually high this vear, ane 
many were of unusual mnterest. Many thanks are on order to all the 
committee chammen and their «taflx for a job well clone 

The April meeting of the Cleveland chapter was held April ith 
in the Rose Room of Hotel Cleveland Donald Fo Copell discussed 
work ‘To Simplify of Not to Mer Copel 
is Viee President of the Wagner Baking Corp of Newark, New 
Jersey. Tle has been internationally acelammed for his 
contributions to the industrial engimeerimng held The lecturer was 
born and educated in Switzerland Ile served as an on 
engineering at Rutgers University, and in wae a 
reeinent of the Gilbreth Medal. He is an expert in setting ap and 
organizing work simplification programe, and im an excellent 
humeortst Many of his case histories were with appre 
priate of wit and hummer, and the audience had «a most pleasant 
time learning and laughing coneurrently Copell has done comad 
erable reasearch in work He stated that today we 
are on the threshold of « great competitive era im the United 
States. that te the Cost requifes the efforts of 
every member of the firm from the custodial «tafl to the executive 
board He further «tated that our job as Industrial to 
create proper attitudes toward cost reduction. then to ereate the 
proper atmosphere forit through work simplification [t was mter 
esting to nete that Copell feels that priee levels hawe just 
about reached their present peaks amd that future will bee 
realized not necessary from inereased sales, but from reduction of 


wastes and more operatrons 


DAV CHAPTER 


The June meeting of the Dayton chapter took the form of a 
dinner prarty for members. wives and w huapler 
met on June 22 at Henham Chak bentures of the 
evening were the most interesting speech by Col James J Haus 
man and the announcement of newly elected offeers Although Col 
Hausman now resides in Washington, hem well known in the 
Davton aren and has an exeellent reputation a= professonal 
«speaker subject for the evenmg was “Human Aspects of 
his work as an associate professor at where he 


taught various engineering 
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Members and wives of the Great Salt Lake Chapter on tour of the Bingham mine of Kennecott Copper Corp. operations in Utah 


CHEAT SALT LAKE CHAPTER 


The April meeting of the Great Salt Lake chapter was held at the 
mone of the Copper Corporation. Utah Copper 
Division, on Saturdas April The « hapter thers 
Wives were guests ol Kennecott and toured the mune the prolinh 
ear The tor detailed theme riget test of the 
erations and some views not generally seen by the visitors to the 
mine Seoatty Robertson, safety freld man, acted as the ated 
Were, assistant general bill foreman, 
bagineer, and JOA] Norden, assistant superintendent 
were in charge of events during the day 
Harlow, Caeneral Mine Sapermtendent, was offieral company best 
amd be and Mire Barlow entertamed our group with a 


STON CHIAPIEN 


ln January 157 Mer Dortan Shamin, lodustrial Consultant 
spoke toa port meeting of the Tlouston Chapter and ASQC 
cnn the Ibrenking Through lncdlustrial Problem Barriers" 
Mir o speaker of more than ordinary abulity and the sul 
geet matter of presentation the use of statistical analysis tech 
niques in solving problems, exceeded in quality bis abal 
a apenker Few of his audience left the meeting without 
strong desire te learn tore of the techniques demonstrated toy Mr 
Shainin 

Mi Maier, Director of Trathe and Transportation 
of Houston, was the speaker at the February Meet 
subyeet was “Organization for lndustrial Civil Defense” 
choubetfal that many of us fully comprehend the tages 
of destruction and chaos we wall be the event of 
anutome workd war Meo Mater told the meeting that in the event 
of such an attack on the mmmedate future the principal course of 
defensive action evacuation. Properly constructed shelters 
would bee of help ated save mans lives but there is ne 
in this preture 

At the March meeting, Mro Vernon Barley, Director of Port 
Port of Tlouston, presented a program on 
at the Port of Houston’ This was a joint teeting with 
the local chapter of the Materials Handling The 
members and guests found ioteresting differences inp material 
ut from material in organizations 
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Mr G bk Lane, Lagineering, 
Houston Plant, (Corporation spoke aut the April 
A Cost Control Program for a Process This very 
pertinent sulyect in the Caulf Coast Area <inee many of our tem 
bers are connected with process For those of ux whe a 
not. the presentation Was e\perienee was well 
recenved by all who attended the meeting 
In May the Houston Chapter made a Plant Tour of the Naphe 
Vaint Company Before making the tour we attended a very inter 
and very modern plant. This tour provided interesting and useful 
information on the nature, formulation, manufacture, distribution 
and use of various paints and related products. and 
aesociates tade at least one prevent with all whe made the tour 
“Heed the instruction= and recommendations on the contamer” 
In Mav the Tlowston Chapter elected the following offteers for 
the 157 OS veur 
President) Hruce Stoughten, University of Tlouston 
Secretary J Huffman, Baker Onl Tool Compan, 
Treasurer Rogers, Reed Roller Bit Company 
direc ter > Natural Company 
Director J. Tagg, Shell Ohl Compras 
The new offieers take ofhee July there are tite 
<ammer meetings other than a social meeting, the newly 
elected officers and the Varieties appointed ofheers and committees 
are working on the program and other business for the new vear 
The vear has been successful We ended the veur 
with «a 0% inerease in membership over the previous vear for a 
total «of appro imately held «a stecessful Work 
Measurement Conference, had interesting and enlightening 
programs, established better communications with our members 
the general improved mur organization tor 


the chapter business, and are financially solvent 


JAMSHEDPUR, ENDIA, CHAPTER 


The highth Annual Meeting of the Jamshedpur Chapter of 
was celebrated at the United Club, Deeember 27, 156 
The President, Mr Vo Vernekar, Cloef Industrial bogineer, 
Tata & Steel Co, Ltd), weleomed the guests. The Secretary, 
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Mir. J. presented the annual rejeort. tracing the growth 
and activities of the Chapter Mr N. J Lipner, Matiager of In 
dustrial & Safety Kater Overseas Cor 
poration, the Miiest ol the funetiron, and he spoke 
& Safety in a Construction Company” 
Lapeer hus talk. stressed the difference between the prob 
lem= in production line and comstruetion work and stated that 
the detailed and repetitive study methods cannot be apphed for 
construction joles and that pol mong has to be done, 
especially in the case of a new preject The terminated 
with a vote of thanks given by MoS. Watre, Vice-President 
the guests and members present participated in the Annual 
Day Dinner 

\ meeting of the Jamshedpur Chapter of ATLE was held Thurs 
dav. May 16, 1957, at the United Club Hall. Prof. Riehard F 
Bruckart, Professor, Todustrial Institute of 
Technology, Kharagpur, Senor Member-at Large ALLE and for 
mer Professor of Lncdustrial at Texas & ad 
dressed the members on “The Modern Concept of the Tochustrial 
bngineer’s Work” Prof) Bruckart <tressed the importance of 
keeping pace with new developments and ideas that are taking 
place an the field of Tndustrial bigineerng such as eleetrome 
data processing. operations research, linear programming, ratio 
lelay analyveats, ete 

Nir chorrman, stated that the Technological In 
stitutes can contribute a lot in this by the latest devel 


opments in ther curneula, The meeting was well attended 


LAs ANGELES CHAPTER 


The April Meeting was the final event in the highly steces«ful 
“triple header’ that <trmulated the mmterest and im 
erensed attendance cdurtng the Monthly Dinner affairs 
‘The general pores dled by a Teehnieal Cline arranged 
by Chairman Stewart Wieefl, aud followed by «a film of the latest 
Winter Olvoypne Games The featured speakers of the 
Mie Dunsmore. Management Consultant, and Mr. Bernard 
S Benson. principal of Benson Lehner Corp. presented educa 
ated Solving ln Seareh of a Solution 
Cerebral orn oor Svstematic Logie’ ress tively 

The annual bustnes< meeting with mstallatron of new offeers 
wees beled on \I bes evening ol 
emlizing by members only The annual reports mediated the 
yrowth the lene il oh ter tts present size” 
over S000 the mmerensed interest and attendance at the 
meetings and the forward thinking and planning for the TOS 
stromal Clonmvention te beer Deeded on The following 


vear as the President, Arnold AO Cowan, turned over his gavel 


members were ion respective ofliees for the 


ml reeerved the commendations for the work performed during 


t bee priest 


VV larry Jo 
Seoretary Walter 
‘Treasures John Jardine 


Hloward Diekason, Chairman of the fortheomuing National 
Convention, brought the “up te date’ on t bie planning 
the neeesait\ of group participation relative to this 
event The Oth Natronal Annual Conference and Conven 
trons well bee on Angeles on June 12. 14. and 14. 1058) Nor 
ots held ain May of vear, but in our case it was post 
poned a on order that member= in the mid west and east 
could work it inte vaeatoon trip te the west const. 
Nir on the Steering Committee are Wilkon Whait«on 
choirman over Program. Proeeeding= and Publoaty. Peter 


a= co chairman over Arrangement« Keeeption, Kegistra 
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tron and Spec! kvents; and Arnold Cowan as Conference Ad 
visor, based on his highly successful administration of the Western 
Regional Conference held mm 1955 at Los Angeles. Tlarry Kraig, 
chairman of the Exhibits Committee, has already made arrange 
ments for the space availalulity and has secured some early 
pledges that that thi area of the Convention will be 
filled up at an early date and prove to be a worthwhile investment 
for the advertisers 

Formal dinner meetings during the summer month have been 
replaced with informal meetings followed by held trips to differ 
ent types of industries to promote broader understanding of the 
problems and characteristics of various types of manufacturing 
facilities. The June Meeting was held at the Southgate, Calfornim 
Plant of General Motors, which assembles the Bureks, Oldsme 
bilex, and Pontiaes. The July Meeting was held at the Gomlvear 
Tire & Rubber Company in Los Angeles The August Meeting 
was held in Van Nuys at the reeentlhy completed plant of the 
Anheuser-Busch brewers of the famous 
bach of these plants» ty “tages of mechanization and aute 
mation peculiar to ther own operations and are of the 
progress of large integrated industries in this cdireetion 

Cataldi, newly appomted Program Chairman, has loed 
banner array of speakers for the coming season of tment hly 
meetings that started off in high gear with the September affair 
The combinatiron of interesting programe and the «timulus of the 
National Convention are providing a real cohesive foree im the 
continumg growth of this chapter and the promotion of the or 


ganizations’ in our 


LOUISVILLE CHAPTER 


At our April chapter meeting, Meo Donald Stohlman, bxeen 
tive View President of the New York ofhee of Serge \ lhirn Co 
Ine, addressed the members and guest« on “Method Time Mens 
urement’ Mer. Stohlman sand that predetermined measurements 
are now getting more recognition trom a legal 
arbutration cases Predetermimed work mensurements 
are now bemg accepted by the untons Tle went on to say that a 
new held for work measurement has now filtered inte the agre 
cultural phase: for example, in Florida a work measurement tool 
was used on a one thousand acre farm and « aere 
ranch Methods time measurement i now bemg used mterna 
tionally. Mer. Stoblman alse out that rates «et by a work 
mensurement tool will «tand agaimet any rate Ele thos 
bry ~penuking of where grinding rates were set 
by MET OM. The men did not meet standard and money for 
month= When union offternls had a rate cheek. the wae 
found te be correet) Now the men are making money 

The May meeting of the Lowmeville chapter took the form of a 
plant tour through the Loumville Assembly Plant of Ford Meter 
Company efore the actual tour took place, John Webster 
gave a bref rexume of the Ford Plant facilities, «checdules, man 
and other general information Mer Webster, whe is 
member of the Louwmville chapter, jomed the Ford Motor 
(ompany as a C'omt Analvet in the Plant Controller's Otfee im 
1055, amd now the Manufacturing Standards Department 

\rrangement= for gowl and interesting programe 
must be made wellin advance Hay ilgotng chairman 
of the Program Committee, and John Highy. our new chairman 
appointed last January to give continuity), have done a com 
mendable job on programs for the coming vear Some of the 
«speakers whe are already arranged inelude Dr Ken Craham 
~penuking on ‘Work William (somberg 
Irwin Lazarus, Dean RoC and Marvies 
Mundel will «peak on “Memeo Motion Study Two plant tours 
uleo are planned one of these the Couner Journal & Loewe 
ville Times Attempt« are «till bemg made to secure «penkers on 
the of and “Patigue 
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We are proud present the new officers and committees for 
the comimg veut 
President) Marvin Garrett, Hirech brothers Co, Ine 
Vo Thomas Potter, Ameriean Kadiator & Stand 
ard Sanitary Corp 
Zod Vo Pree bidward Vetter, Peerless Manufacturing Corp 
Treasurer James Kitehey, Reyvnold« Metal« Co 
Beeretary Janie Pettvjohn, General blectrie Co 


MEMPHIS CHAPTER 


The regular May meeting was postponed until Wednesday. 
June 5. at which time the chapter members were taken on a plant 
tour of Continental Baking Company The higineering personnel 
of the company conducted this most interesting tour of thie 
This same evening, thorough report 
on the progres« of the ATT National Conference was presented 
by Coene Marian and Hill hing 

‘The € ‘hapter beled regular June on Wedne- 
day, June 26. at the Officers Club of Mallory Aur Force Base 
four speaker Was Mr bo W. Maxson, whose t pic “The bon 
gineering Probleme of the New Proposed with 
the Me “trip Mr Maxson, graduate 
Texsus A A the Principal to the City 
and bas been associated wath the of Memphis July 
le member of the Clubs ated the 


Amertoan Socety of Civil 


TENNESSER CHAPTER 


Atoour Mas meeting, the group toured the plant facilities of 
Shaw (orp m Tullahoma The tour was conducted 
of General Shoe Corp bollowing the tour 
the met at Minors Restaurant for dinner After 
the «dinner, the group beard a discussion on the facilities toured 
Mir Vrather comducted the dixcusston Wendell Graddy. delegate 
tothe Nathonal Convention at New York, then gave a 
reportion the 

The Middle Tennessee Chapter held ite June meeting at the 
hoor uflair Mua Mas Members and were 
treated te an old fashioned barbecue the barbecue, a 
short sexton was conducted by Wendell 
president ‘The latter jrart of the session Was for member 
in on chapter and agenda 


for the coming toonthe 


ORLATIOMA CITY CHAPTER 


New officers for 1057 5S installed at May meeting of the ATTE. 


(Cooper Secretary 
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ROCKY MOUNTAIN CHAPTER 


The Rocky Mountain Chapter of the American Institute of 
Industrial Engineers located in Denver, Colorado, sends its greet 
ings to other chapters throughout these United States and Can 
ada. This being the first time which we have offered any material 
for publication we shall take the liberty of being a bit more folksy 
than usual and sort of talk about how we got started 
It wax about 4 years ago in 1954 that «a small group of Indu- 
trial Engineers in Denver got together and deeded to found a 
professional organization. During the first year it was not defi 
nitely decided with what national organization the group should 
become affiliated. The AMA, the SAM among others ax well as 
the ALTE were considered. In spite of the geographical area and 
lack of large busines« whieh are limiting factors for growth and 
development it was decided that the AIT would best suit their 
professional DOLLS Ue Many of us feel that the profession still has 
along way to go from the “rate cutters” era, and that the national 
organization t= helping to push us rapidly along im the right ah 
rection. Our Chapter was thus granted in April, 
four growth has not been phenomenal but tt appears yenuine 
a start of approximately twenty members the chapter 
ata total of fifty four at the beginning of this vear Presently we 
have saxty four members. One significant thing i that we are not 
loming any of the older members There are also fourteen 
presently suboutted to the natronal organization for accept 
bach month, many of the other chapters “ue 
monthly newsletter, This serves as a combination newsletter and 
notice of the forthcoming meeting A copy is not only ereulated 
te each member but to interested non members as well) Our 
monthly mailing list presenth> one hundred and enghty four 
notices 
The attendance for the dinter prior to the meeting has run 
consistently this vear between thirty and forty with attendance 
at the meeting around sixty. Our program tor the veur has run 
aus follows 
Sept. “Tndustrial at Glenn Martin Company” 
by Mero David Levine, Chief Industrial Engineer for GL 
Martin Co 

(det “Story of RAMAC’ and “Direet) Lines to 
were film presentations followed by question and answer 
Nov Debate: Resolve Automation Benefit. Both Manage 
cored This was conducted by our own meters 
Mr Hill Becker (Technical Services), Dave Morrell 
(jates Rubber Company), Mro Charles Taney (United Aur 
Lines). Meo Robert Willams (Colorado University 

deve ‘The Shape of Things to Come” by Johnson 
Director of The Denver Research LTostitute of the Univer 
“ty of Denver Nir Johnson outhned the value of research 
in towards a better community 

Jan The Leonomics of Capital Investments” Mir bul 

ward Chief Accountant of Gatex Rubber Com 
talk allustrated a practical solution to whether a 
hine i ecomomient depending the degree 
profit desired 

Feb “Statistical Toolx for Industrial by Me 

George Bardwell, University of Denver 

Mar ‘System Simulation’ by Warren bo Albert<, Diree 

tor of Industrial boogineering, United Air Line- 

April bield tripe te the Colorade Troon Corporation 

at Pueblo, Colorado 

May Meeting and election of ofheers for next veaur 

We held our installation of offieers dinner May 
Thix has beeome an annual affair to which we mvite our 
wives 

Major projpect vear was a Cost Control Cline featuring 
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Mir Carroll This was held on Saturday, April and proved 
very successful it was decided to lint the attendance to one 
hundred and seventy The figure turned out to be one 
dred and sixty-one Mr Carroll did a commendable job in spite 
of traveling half the omght. The result« of his work were well 
received We chapter hese Treastiry is depleted te 
try Mr. Carroll for <ize, he petits that extra the 
when the corn'’s in the <hoek 

The clint not only added to the treasury Cover three 
times What had accumulated from annual dues) but also fourteen 
appleations lew Which are now 4 processed It 
made «a favorable impression upon several business owners 
and members of management not assocated with Industrial bin 


gineering but whe are in a postion to request ther services 


TULSA CHAPTER 

\t its next te last meeting the Tulsa Chapter te 
have the Assistant Chief of Planning, Tulsa Metropolitan Ares 
Vianning Commission, Mr Giriselle, speak on bx 
pressWave Program Mero Cirmelle highlighted his talk with 
torical of the commieston, and generally 
What programs are underway. The expressway program in Tulsa 
is one that all engineers, ax well as the general publ, will be 
interested in, for its realizatoon will mean safer and better trathe 
comditions, «a greater volume of trathe through Tul«a, and on 
creased Its final planning comes at the time 
When Oklahoma has jist cotpleted through Tulsa, the 
four-lane Turner Turnpike and Will Kogers Turnpike, connecting 
the Oklahoma State Capitol with Joplin, Missourt 

The last meeting Was the annual eleetion of officers 
on the bhighth Conference and Convention. Tulsa ¢ ‘hapter (itheers 
ated Directors for the new teeal vear are as follows 
Howard Childress. 
Lewis Robert. 
Joho W Tlawkin- 
irelel (‘olvard 
bhelward Cunningham 
Robert Cireaves 
Stevens 


Verur thie ‘Tulsa Chapter present-~ rate marred te t bee 


President 
Vice President 
Secretary 
Treasurer 


[director 


~-tamding graduating senior in the school of Industrial bogineer 
Management Cok Institute Technolog, ut 
State University. Basi of seleetion m scholastic 
nehievement binge amd service im stu 
dent chapter of ATLL. and eampus activities. This vear’s achieve 
mard Woes presented tee Nir Walliams Pitts 
Whe compiled an outstanding record while at OFT The presen 
bos reviritng President Mobert Cireanves at the 
last thee ting of the fixeal vear The award includes a certifeate 
a wall pl pre presented to ©) | Mr pres 


ently emploved m Oklahoma Citys 


BOAKI OF MERTING 


Buflule Room, Hotel Statler 
New York Cits, New York 
17, 1957 


The Board of Trasters of ALLE the mal governing beady of 
your organization This qroap meets ta conduct business for you 
a year, The official minutes of the May HKaard of 
meeting are published in the Journal to keep you informed of Viik 

President biunerson called the meeting to order at 9:45 A. M 
Among those attending were 

Howard PO himerson, President 
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J. Titlher, First President 
Joseph Southern, bxecutive Secretary 
Stephen Vers, Treasurer 
Frank T. Giever, Assistant bvecutive Secretary 
Irwin Po Lazarus, Viee President, Midwestern Region 
John M. MaeHravne. Viee President, Southeastern Region 
Ralph Wo Upeegraff, View President, Central Region 
Wilson Jo Bentley, View President, Southwestern 
James Nordahl, President, Western Legion 
bulwin Slagle, Past President 
Frank Groseclose, Board Member at Large 
S Kyle Reed, Board Member at Large 
Ciordon Bo Carson, President bleet 
Cieorge Crustat, Director, Relations 
Harry Davis, Chairman, Film Committee 
Vernon Foster, Director, Meetings 
Alex W) Rathe, Chairman, Professional Relations Committee 
Frank J Johnson, Representative, Atlanta 
Clinton Javeon, Representative, rent 
Robert Kantor Representative, Det rent 
Koss Hammond, Representative, Dallas Ft. Worth 
Dave A. Overton, Chairman, Membership Qualheatrons Com 
mittee 
Arthur Chilman, View President leet, Western Legion 
James Freneh, President bleet, Southeastern Region 
MOA. Payne. lhtreetor. Chapter bapansion 
Andrew Sehultz, Jr. Director, Research 
Charles Brennan, Director, Student Chapters 
Howard Dhekason, General Co Chairman, Conference 
Kobert No Lehner, in Chief, Journal 
Kobert kastman Chairman, Coordination 
aned Plans 
Trenwith, Business Administrator 
Winutes of Octoher 13. 19566. Hoard of Trustees Veeting The 
minutes of the Oetober 1956, Hoard of Trustees Meeting were 


approved presented 


OLD BUSINESS 


Government Operations The beard discussed the written 
report presented by the Chairman of the Operat rons 
Committee, Mr Frank To Giever Me Vews moved that the re 
prort Journal of Engineering it 
committee report) Seconded by Mero Maelravne Motion carried 
at from niveraity of President buner 
con reviewed the past action of the executive committee in 
ing te waive the OCPD accreditation requirement whieh pre 
vents the ehartering of a Student Chapter at the University of 
Puerta Kiew He requested try t ‘True 
tees The Board reviewed the ATT Constitution as tt applies te 
thie problem and the waivers granted by other engineering so 
eveties to the students of thi university. Colonel 
moved that the acereditation requirement be waved and 
charter be granted the University of Puerto Kieu, Student Group 
Seconded by Mr Vewrs The motion was unanimously defeated 

Ze tithes Old 

Kecognition ol who have became 
of Colleges Mr beted the following 
trial b.ngimeers whe have advanced to t of Dean, of 
Assistant Dean, of bngineering Colleges 

(jordon Carson, Dean of (phic State f nivermity 

Kobert Rov, Dean of Hopkins Univer 

Lohmann, Dean of Oklahoma A. & M 

College 
Robert Jo Parden, Dean of Santa Clara U niver- 
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Mocker TT Staton. Jr Axx’? Dean of Engineering, Georgia 
Tech 
Robert Carson, dr, Dean of bagineering, North Care 
lina State College 
Mr Bentley moved that the board go on record a» recognizing 
the achrevement= of Llodu.trial 


NEW BE SINESS 


ba Report: Mr Southern presented the May 
report and amended the figures for thee 
of the to May 14. 1957) Giever moved the report 
accepted Seconded by Mr ‘Tither, Motion passed 

Shy Wee por Mr reported on the financial con 
ditton of the Amenecean Tnetitute of Industrial and 
presented the financial reqgoort for the vear ending April 
This report sem annual review of the budget) Mr 
Veurs «showed the «lides that had been prepared for use on the 
convention floor on the following day Colonel CGrroseclose moved 
that the Board receive thie re juert and approve the 
sulyeet te revision by the Board of Trustees, and that 
Mr Vewrs be commended for the excellence of the finaneral repuort 
Mr Nordahl seconded the motion The totion was unanimously 

te) Annual of the The Board then die 
cussed further the guide Mr Vews had presented and whieh had 
npproved bis the that responsible for the 
preparation of the coming tiecal vear’= budget would have some 
pothieation of the desires of the Board in the manner of allocation 
of 

Secrctary Appointment President banerson made 
the presentation of thie oon the abeence of Payne Press 
dent binerson reported that a mail vote of the Board of Trustee. 
had provided the appomtment of Flovd J. Tither as the first fall 
time paid baxecutive Secretary of the Tither to 
bewin work on bebrunary 1058) President banerson asked for a 
confirmation of this aetron Miro Nordahl moved that the Board 
gooon record as confirming the vote The motion Was see 
omded thy Mir During the discusston it was pomted 
out the original Was bey the esearch (oom 
mittee that made the selection. by the baecutive Committee. 
by the Board of Trustees The motion was voted 

Mer Reed moved that Joe Southern ha. agreed fo serve 
as secretary Meo Tither’s term begins, that he be re 
that for the The motion was 
secomded by Mr Gever The motion was voted upon and unans 

Present bunerson reported that the baxeeutive Committee 
would lhe to recommend, on npprectation of the services of Joe 
Southern, that he be awarded Life Status or Late Membership iti 
the The baccutive Committee recommends thus mam 
propriate form of recognition believes it moon order for this 
te eather approve that) suggestion or make some other 
suggestion Mr Neordahl moved that the recommendation of the 
bvecutive Committee be approved Nir Mae brayne seconded the 
motion The motion was by neelamation When Mr Titlher 
amd Mr. Southern returned to the room, the President told the 
two gentlemen of the action that had taken place during their 
abeence Mer Tither thanked him for the appomtment. President 
imerson then announced to Joe Southern the action of the actiy 
ty tn hus behalf, “This action brings up a change of status for 
Joe Southern This Board of Trustees since 1052 has relied TT 
Jow's judgment and recommendations It hasn't taken 
these recommendations Whenever the Board turned them down 
however, Lxvecutive Secretary Joe has carried out the will of the 
Board with great Before we had a Businmes= Ad 
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ministrator, our bxecutive Secretary bore the brant of the work 
and have been terrifie 

“In recognition of the tume. energy and worry that has been 
his (we would like alxo to have thi reception of his fanuly and 
thes peart in the whole thing), and. again on the recommendation 
of the bLaecutive Committee and unanimous action of the Board 
of Trustees, as a form of reeognition for his service, we would like 
to award vou, Brother Joe, a Life Status in the American Insti 
tute of Industrial Mr. Southern’. reply: “Lam sup 
posed to sign these things | have been doubleerossed) There 
anvVihing Lean sav fellows except just thanks | certainly don't 
feel that T have done anvthing unique or unusual, Tt has been 
my pleasure to have been able to serve and work with the preoople 
that we have to work with. This makes it just 100% bevond any 
thing Lever expected the satisfactionsof the job to be) Thank- 
lest 

Se. Beard Member-at large The Board voted on the replace 
ment for the Bourd Member at Large at resigned bey Me 


Tither in light of bis new appomtment as paid kxecutive Secre 
tary and his election as First Viee President. Announcement of 
Board aetion i deferred until the man seleeted has had a chance 
loo or retiise the 

Sf. Constitation and Bylaws Changer Nero Titlher distributed 
copies of proposed changes in the Constitution and By-Laws of 
the ATT Mer. Tither moved that the proposed changes be ap 
proved by the Board and prasxsecd on to the membership lor vote 
Seconded by Mr. Southern The motion was voted upon and unan 
Mr. Tither read on detail the changes 
ith thie Laws The proposed changes were tlisctssed be t hie 
Board members Mr. Tither moved that these recommended 
change. be tiade Motion was by Mer Slagle The 
Was Voted of the Ky Laws 
ind Constitution changes are appended to these minutes 

Mr ‘Tither discussed the problem of representatives to the 
os appomted by the Amercan Institute of Tndustrial 
He pomted out that the representative must be «a member of the 
Board of Trustees of the ATT. Two possibilities exist. One i to 
hoki the appomtment to a member of the Board of Trustees. The 
ilternative is to make a tt the Constitution that any 
by the President to the Board would aute 
matically become a member of the Board Trustees com 
promise proposal, Mero Tither made the following suggestion add 
“anew section to the Constitution to read as follows 

“The President with the approval of the Board of Trustees 
shall appomt a regular member, other than an assocmte member 
us the representative of the Amenean Institute of Tncdustrial 
bagineers to the Board of the hagmeers Joust Counerl Sach 
shall, at the tome of be member of 
the Board of Trustees or. if he is not such a Board meniber 
shall bby the facet of bis appomtment beeome for the term of hin 
te the Board of «a Board Member-at-Large 
and thereby a member of the Board of ‘I rustees of the Amencaun 
of Tucdustrial The President with the ay 
proval of the Board of Trustees shall apport alxo an alternate te 
attend meetings of the bJC Board’ 

dee port «af the Chairman of the We mhership (Qualifications 
Committee Mero Tither moved that) the Membership 
tions Committee be commended for the exeellent and voluminous 
amount of work it has earned on during the prust Veur Nation 
secomded by Mer Slagle The motion was voted 

President bimerson announeed that the meeting would be ad 
journed until 1:30) The meeting was re-convened at 2:50 

Ay Lawation of the 1969 Convention President turned 
the chair over to Vernon koster, Director of Convention. 
Mero boster announced that he had three bids for the 105% Con 


vention were Atlanta. Dalla<« and Detroit. bach of the 
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representatives of the budding chapters was given an 
te of ent -eauking for Atlanta, Mero Frank 
Johneon: for Dalla~ Mir Hammond: and “peaking 
for Mer Clinton Ao President bimerson provided 
cof theese Mir MaeBray ne sproke for Atlanta, Mi 
Hentles for aned Mir ofl for Ddetrent 

Nfter considerable disctisston absent 
tions <ttes, hotel ete the Board moved on te 
in this matter President baner<on ealled for a vote on the 
ting Sonithern Trenwith ane Nir 
hoster te comnt the ballot~ Southern dleelined stmee he would 
Voting \ <eeret ballot was taken of the Beard Nir booster us 
of National Nleeting- the results Atlanta 
the 

the latronships with Other President baimerson 
reported on bis previous correspondence with the representatives 
peace Me These concern the col the ogwherl as a 
is Chairman of the Coordination Committee wae 
te make recommendat tons 

\fter listening te Dr report and considering all the 
of the cooperative venture. the Board mstrueted the 


with whatever Cooperative relat 


President te yer 
at thas terme « Listing 

ashes Nir tes cote reloat teen 
with TINTS 

feseaureh Secret. cated the Lustitute for 
tn the aren of Sv stems 
trom. that other where there tterest be en 
ated that the form of thet 
creed Cheat VEEL. have il representatien 
Close seconded? the After considerable the 
Was Voted upon and pussed Mer vetung 

fochester Chapter and Charman of the Committee made 
report) Mir Davis’ report covered the of making 
thier Chee treet thee reget thier of 
ve port covered the of the making of the 
Kochester Chapter te proceed with this matter of endeavormg 
of on other organization that appropriate 

tel re ‘Leon the aetron of the boxes tive 


CCommittee in withholding action on the letters te 


e\eroutive col Vial at beets ‘| bie UAL il im letters 
Calling attention te mteresting technical articles. probably on the 


Journal, twit alexa The letter= for use 
pere pared Comorge Nir Southern moved that 
“Mer conned te cof these letter. The 
by Mr Slagle The motion was voted upon and 
prasseed 

pation in nited Trustees Building, Neu 
Derk Coty President banerson ealled on Mero Southern and Cole 
nel Crroseclose to discuss thi problem Mr Southern <ummarized 
the outlook of the N toward the 
tes New York 
committee to investigate the problem. the following report 


Colonel as of a 
We have no of what our requirements are going 


tole We deo not know what the cost of moving i« gommg to be 


We cles tical k “hint cobsliggat tents wee will strenally iam 
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by getting the Big League It is trae more people come ite 
New York than on the normal course of events 
TE think ot would be «a considerable advantage to be here for 
that remsen burthermore this closer communtcation that we 
weld get seen, thee cot have talked 
ton number of people in the sacreties and they say there 
is very little Visiting, that thew stell cle of thea corres preted 
on this deal and whe elxe will be and «a lot of other 
st we have already discussed 

Dr Rathe. as Chairman of the Professtonal Relatrons Com 
mittee, Was to make his comments After 
of Rathe's report penn the 
moved on te aet Colonel mowed that a study be com 
tinted the cdireetion of Matthew Payne with «a target date 
of «a report to be made to the fall Hourd Meeting Mer Shagle 
the motron The was voted steel 
prassecl 

th Fellow Irwin 1’ Lazvarus View President of the 
Midwestern Region, recommended Dr Lawrence Wo Wallace be 
approved bellow of the Vice Prestelent 
detathed aeeaunt of Dr Wallace'’« hexters Nie Slagle Cheat 
the meotron The was veted upon 
prasseel 

4) Otther New Business 

41.1 Mesearch Committees Sehultz gave le reget bey 
of the vear’= activities of the esearch tees 
reeent meetings bere on the the 
Vrize Committee, that its te grant four prizes at the 
\onual Convention, and suggested ot nought traveling 
expenses The the budget. the on of = \ 
leatron of articles. The Board thanked Dr Sehultz for 


shiseussed this problem for the to the history of 
the organization The Heard of Trustees will mot be 
replaced as is normal practice until June of 1958 due to change of 
convention date This that this Beard wall be in effleet for 
1S of the usual 12 Mer Southern moved that the 
take cognizance of thie tact and approve thee 

from the Chinese Inatitaute of \iter 
reading the the Chinese of 
tes cof Ne there Convention on 
Saturday. June loth in New Vork City) Mer the 

reetor of International KMelatron- the af 
tered this meeting The motron was by Mer MaecHrayne 
The motion was voted tpon and 

There bemg no further the 
ing Was at 

Vert Veeting of the Hoard of Trustees The time and place of 
the next Beard of Trustee= meeting will be by Press 


PROPOSED AVENDVMENTS ALTE TION 
BY-LAWS, WAY 16, 1957 

onmstitution 

trticle VET. Section A 


Now reals 
“The Natemal Citheer« of the ALI. «hall be ax follows 
kir«t View President b.xeeutive Seeretary 
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ant baecutive Secretary. Treasurer, three Board Metnibers at 
Large. and one Vice President trom each Region’ 
Would read 
The Offieer= of the «hall be ax follow-~ 
President. biret Viee Premident, Secretary, Trea 
uret. three Members at Large. and one View President 
from each Region” 


Now re 
A slate of offveers. excluding the KMegironal Vice President~ 
Secretary, and the Aswistant baxecutive Secretary 
shall be drawn ‘aye veuarly by a nominating committee cote! 
my of the past three President and the current 
Would read 
‘A «late of officers excluding the Kegronal Vice President- 


and the baecutive Secretary shall be drawn up vearly by a 


nominating committee consisting of the tnmediate three 


Presidents and the current President" 


VAT. Section 14 


Now 
“The positions of baeccutive Secretary and Assistant 
tive Secretary shall bee tilled bry bey the 
Trustees, 
read 
“The office of Laxccutive Secretary <ball be tilled bry 
ment bby the Board of Trustee." 


Nection 16 Sentence 
Now reel 
“The President Vice President. baxecutive Secretary 
Assistant baeceutive Secretary, Treasurer, and retiring Press 
Hlent «hall constitute the baecutive Committee, and shall have 
the duties and powers delegated to ato by the Board of True 
Would rend 
“The President. First Vice President, baecutive Secretary 
‘Treasurer the tumediute rast President shall 
the baecutive Committee. and «hall have the dutres and powers 
delegated bey the Board of Trustees 


| NSevtion 4 


Now renel- 


“The Assistant Seeretary <hall the baeceu 


@ HOW FOREMEN 
CAN CONTROL COSTS 


@ TIMESTUDY FUNDA- 


exactly 


FOREMEN 


@ TIMESTUDY FOR 
COST CONTROL 


top of cost problems in quick order. 


tive Seeretary and have additional duties a= tins be cleleg steal 
tt t bie board al ‘Trustee. 
Would tbe eliaminated in ite entirety 


By -laws 
Article 11. Section 1 


Now reads 
Standing committees of the <hall be an bxecutive 
Committee and Qualifications Committee both asx clefined in 
the Constitution: Profexronal Practices Committee an 
baducation Committee All <tanding committees bee 
bey the President and shall perform stu by cuties 
by hom” 
Would rend 
Vinanning awd Polley Committees shall be: Professronal 
Kelations. Organization, Finanee, Long Range Planning 
Special Surveys, and Publeation= Coordination The 
men of these committees shall be appomted by the President 
and «hall such duties as he mas The biditor 
of the Journal of Industrial Engineering shall be 


Now read- 

‘hach Vice President shall cheek the activities of the Chap 
ters on region present an te the 
ference and he «hall encourage large turn out of the member- 
it large «hall present a bref written report on bis region 
to the Natronal Convention” 


Would read 


“hach View President shall heep in close contact 
with the Chapters and members at large in his region, encour 
wing and advising them on them aetivities. Tle shall assist on 
ipranging tor Kegional Conterences Ihe =heall perespeare cate 
nual report of regronal activities for the First Viee President 


deliver a tervet reqeort af the Annual Convention" 


/ Serfion 7 Sentences 


Now 


‘hach Chapter President shall prepare a report for presen 


tution to the Natronal Convention.” 


Wald rene 


“Poor to the Natronal Convention, each Chapter 
prepare ated te hits Regional View President it 


on hues chapter wtivitioes for the vear.”’ 


Uncover HIDDEN PROFITS in your plant or shop with the— 
5-volume McGraw-Hill 


PRACTICAL COST CONTROL LIBRARY 


By PHIL CARROLL, 1372 poges, 460 illustrations, only $19.50 
MENTALS FOR An — on the subject, Phil Carroll, shows you 

ow to take on cost control problems— and 
solve them at all levels in the plant or shop Fore- 
men, supervisors, engineers, timestudy men 
use these specific facts, data, and methods to get on 


Timestudy techniques and applications 
From the ABC's of timestudy, this Library leads 
you step by step through the standard-setting proc 
All CAN eases Complete, practical explanations cover the 
entire timestudy procedure— how and where to start, 


Starting right at the front-line supervisory level, building standard data, applying standards, and 
@ HOW TO CONTROL this Library points out the foreman's responsibilities maintaining a complete incentive installation 


PRODUCTION COSTS 


@ HOW TO CHART 
TIMESTUDY DATA 


waiting time, scrap, and so on 


for costs——gives scores of helpful suggestions on such 
typical foreman cost problems as changing setups, 
training new men, handling rush orders, eliminating method of control gives you tested means of boosting 


A full explanation of the total-conversion cost 


profit and plugging cost leads 


Order your Uibrory from: JOURNAL OF INDUSTRIAL ENGINEERING 


| A. French Building, 225 North Ave., N.W., Atlanta 10, Georgia 
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RECENT READABLES 


CENEEAL 


A Short Cut Graphie Method for Fitting the Hest Stranught Lane 
ton Series of Points” bv Askeovitz ournal of the American 
Statistical Association, page U4, Mareh 

technique is presented for obtaming without eal 
the hitting lite necording te the least eriterton 
provided the pomts are equally spaced hormzontally. A graphic 


measure of residual vartalulits also derived 


“Keonomie Receiving and Distributing a= by the 
Management Nines 1057 
There are many <:tuations where a business establishment 
wotild bee benefited finding a central which 
minimize cost or distanee traveled Some 
are location of: of pomts, (2) depart 
terol ret location, such ‘lown te 
the level of locating drinking tountaines 
this paper. method is presented whieh differs basrealls 
aetinal gives st abswer This 
methed the author elatte. merely gives better approxima 
thoms than before The example and are tn tertins of 
shipping port location but can be applied te other prob lene 


Problems of and Replacing Modern Offer 
With the use and complesity of offiee equipment 
th ane re yl have eel 
mtethe office Neo longer can the average « 
tuke every offer machine repair poboin his strode Speemlized 
traming ts essential 
Dependence on and tay sone 
times result more down time thants desirable Two prinerpal 
of obtaining tiatntenuner service 
departments or tidependent repair shops, are the mamtenance 
comtract yl teed the service enll yl in These are 
‘Te derive the uttnost benetit= trom tmamtenance 
eentralized least. reegtiost- lor thaintenuaner bee 
le 7 theresigh office er ler 


il 


‘Man Machine Sv stems by Vachine Design, May 6 

of controls and visual <trengly 
operator are seven cules for designing most effective 

1 Make displays and controls compatible 

2 (se funetional grouping 

sequential arrangement- 

Arrange elements according to unportance and Trequene 

tine 
Ahwn of check reading cial- 
sparingly 


‘Ilow tes ‘| if k le \ 
Hlandling page 1057 
VMiodern executives endeavor to «vstematize the processes in 


September October, 1957 


their plants ter a of -tamdard exeellenee the 
thes have succeeded remarkably well) Lut most of an execu 
tive’s time is taken up with the oeeastonal problem, the un 
ustial crreumetance, the exception 
Remembering that me ts any better than the tan 
Whe tees at, the author propeses a procedure wheeh well 
rensonmably ensure a correct tt amy 
PREPARE 
beer 
© Crather <igniheant tact. 
Write out statement of the fundamental 
2. ANAL 
a See the problem as a whole 
by Pomel the key factor in a problem 
ACT 
EVALUATE THE RESULTS 
5S MAINTAIN FOLLOW UP To ENStERE STAND 
PERPORMANG 


LINEAR 


Applying Laneor Programming to 
Nlarket’’ bby W of the 
wre Ninny 1957 

('vehe variation of demand oeeur tn ane 
for many rensous A great deal of study amd research werk 
hos been done te try te predet seasonal market Met ren 
that manufacturers of goods toght plan their 
according! These efforts have met with neces. 

(‘velo variations are tot to lew 
market, hewever seme plants, the 
pourt= for an assembly may be evelveally vartabsle thee 
assembly produced only certain season Tn the aute 
stompin the demand for part= te a seasonal market 

ter the stable levels of tte 
plant producing parts for an line whieh operates at 
seowenally variable rate Lanear programming takes 
to formulate a plan for «table 


VENTER REALS 


Handling, page SS, May 157 
the location of the customer (and henee the 
earner to be used) before «a preduet packaged together 
with automatic sorting of packaged products 
“thle to eliminate the manual handling required tn teoeving 
packages ta the proper carrer Tt cute the Moor «pace 
reepured in the packaging and «hippang area. there ne 
need for floor <torage 
typewriters at TBM's Kingston, NOY plant now 
move and automatreally trom the area tee 


one of many carriers being loaded for shipment to customers 
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telore packaging begins orders Trom custotners are ¢ heoked 
for quantitve= amd types of electric typewriter 
vidual requirement t met by removing the desired typewriter 
from an overhend convevort which circles thee 
loaded with different ty pe- of 


After packaging. the key performed: a reflective tape 


the carton wcordng te the destination in 
dieated on the -hiappang label of the reflective tape 
from the bettom of the earton determines which electric eve 
later te send the carton down roller convevor inte 
one of the earners A preprinted scale on the carton 

reflection 


rather than other at wae found to bee the 


stem i= tied to aetivate the sorting 
of selecting cause that are of the <ame 


Seven Step te Lower Handling by 
Wate Handling, page May W057 
the suecessful cost cutting techniques for 
general applreation are thee 
| bivaluate all arenas where cost~ are to tis 
Analyze the thow of material- 
ze the layout of plant 
the handling ftunetoon the 
» Analyze maternal< handling and puchkupging 
material steel puchkuging personnel 
(only these seven have been for discusston These 
con be suleliveded of combaned to sunt) portecular emreum 
the preference of any particular analyst) Basreally 
however they cower the finger aureus tor tn 


RMEMENT 


Now Predetermined Times for Materials Handling’ 
author the use of predetermined time 
ively evaluate iternate TLD 
The use of these stamdard= will permit the user te 

Vredetermine with exaetoes= the economical ane 
etter tive materials handling aod devices to tse under 
given eet of condition. 

2 predetermine the economical plant 
and all necessary related details afleeted by material. 

Aeeuratel) predetermine the advantages of 

consistent and aecurate tome standards for 
eentive wage patent or for measured day work pertor 
the for taking long. irritating 
tithe 

5 Palanee and equipment scheduling through 
time 

deliver’ 

materials handling equipment for high levels of 
as well as ecomomy of 

‘ realetermne the most) efleetive materials handling 


tnaleg Computer Techniques, by Clarence Johnson, Ave 
boree Institute of Technology. 24 pages, clot 
bs Metiraw Till Co. Ine 200 Weet St 
New Vork 
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Designed as an aid to those learning to use electronie analog 
computers Cor electrome differential analyzer- thas 
Makes becoming an expenenced computer operator easier for 
the engineer Following the introductory and general material 
on eleetronme analog computation the volume gives 
techniques for the solution of diffeult of unusual probleme 
The book treat« in detail the use of diodes and differential 
relays in analog computation. banphasis is given to funetron 
yenerating techniques, methods of representing 


funetions of than variable 


Statistical Methods Quality Control by J. Cowden 
Prentiwe Tall, To New York, 1056. Cloth, 6 75l 
price 
The fir-t twelve chapters of this book deal mamly with 
statistical methods im quality control and explain the rela 
tionships between probalulity. statixties and quality control 
(other chapters deal with Process and product control, use of 
control charts for variables during production, comparison 
Process control plates, economics of control and 


angle, double and multiple sequential sampling plan 


it and Salary Control W New York 
John Wiles & Sons. Tne, 1956, 261 pages, price $7 

Job evaluation a technique designed te relate svstemats 
eally the “inherent” worth of jobe (measured thon tronmetary 
dimensions) with their money rates. [ts use is predieated upon 
the belef that the labor market funetion= mnperfectly and 
henee that wage rate are created which cause 
which preelude eflective wage and salary control [t= use has 
expanded sagnificanthy inthe past fifteen vears. part because 
it was mechani by means of which employees teed 
were able to secure wage otherwise dened by the 
amd salary eontrol< of World War TL. and on larger measure 
becuse of behef that at afforded «a logical means for wage 

‘This brook explores one such method: itis practical 
entation of the development rat 
of ev neon planes us the lasts for sound wage and 


salary controls 


Wark Sampling by Rb. Tetland & Riehard-on, MeCiraw 
Hill Book Coa. 205 pages, $6.00 

\ thorough Chow to” presentation of the eoneepts and 
practices of Work Sampling. ieluding baste theory 


Introduction to Data Processing, Ilaskin & Sellx. New York 
157. pages. free 

excellent survey of data proces-ing concepts, from baste 

through eleetrone data processing 


wntegrated data 


Systems Engineering tw Introduction to the Design of Large scale 

Systema, by Goode and Machol, Me€iraw Phill Book 

‘This book shows how «a number of vers fielels stich 

ue computers, game theory, servomechanimm= and 

eontrol are together by a of engineers 

thee development of radar telephone of 

guided missle «vstems. [tis an exeellent presentation, with 


tine of mathematical 


Linear Programming, Greenwald. The Ronald Pres« 
New Vork, 1957 pages 

\ coneme treatment of the simplex method of linear pro 

gramming prepared for the engineer and manager 

The author has concentrated on the simplex technique. as of 


finance and management problem 
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» OPPORTUNITIES 


WHAT TE Es 


The engineering opportinities service ts a tunetronal 


committee of the American of Dudustrial 


ona natronwide and provides this information to members 


| hie committee ts composed of members trom the 


a service and Tndustrial 


SERVICES PROVIDED 


Some of the known pol openings will be published in comedensed 
form im each of the Journal of whieh 
te over 6 O00 pembers and student nrembers 
ol the 

tooover sevent\ chapters located throughout the United States 


‘| bie col thee 


cote =! 


ADDRESS OF THE SERVICE 
| 


115 Newth street 


EMPLOYERS 


lrxtitute Verte core stare reve calibre whe 


ire fully qualified te many types of Tndustroal 


Plant 


Sales 


Control 


tents 


Nleustirement trent 


troms lnedustrial NI 


bor more ¢ complete coverage. see t bie: limt cof elusst 


att 


fre at tenes 


many aren Where if ts ree thet 


wall be of value 


Te lint with the Service. some 


Classifications, tmintmum edueatronal and 


frome, ane salary ranger 

Thus teens will ter the te 
densed formoin the Jot anmed on monthly ehapter Malletins 
Company names are net shown Should vow desire large ad 


elsewhere on the advertising cates wall be tpn 


VMEVMBERS SEEKING, JOB OPPORTUNITIES 


vou would more tnformation ane or of t bee 
ilres= te the tes services st thee ‘The 
Servier will advise vou by return of the name and 
of the tee for turther or 
t bee tm longer Vester bee feo 


t bee 


far «ov C thee latest hls 


INDE STRIAL ENGINE 


are te list them with the Lodustrial Op 
porttinities Servier sel ecluentional im 
<titutions as well as busines< and are urged) ta take 
vivantage of this free service Ver job 
Jools 
a. 
Pree Nach Shop 
Warehouse NJ 
W Va Me. 
Navi 
blectrie, Mig 
Zl 
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INDUSTRIAL ENGINELEMING OPPORTUNITIES 


“a lary atrons required 

2h Wie \ 

balucation $24.8 VIS 

27 baducation Puerto ace Sa, 

2s baducation Va 

fsarment Mig Northenst 

Mill Wie 11, 45, 70, 42 14 
$2 Hubber Product} ‘) 

44 Mymt Coneult ‘) x 

balucation Neb 

i! Mymt Consult ‘) 

( hemcal W Va Mm), 42, 48, 4 

Steel Product ‘) $854 

Chemical (Conn 22, 23, 42, 4 

is Chemucal Pres 2é, & 

(sraphic Arte 42, 44, 70 $5 25 
Mig ‘) 3. ta. 42 5466 

Ku» x ta, 44, 5 10.8 

Navy 

Machine Tool Wie 

Arm) Ordnance H\l 7.6 

Steel Product} W Vas 

il Coneult x ia, ae, an, 8, 47, 

id Airline 70, 42, 

Prod ‘) 70, 38, + od 

Teatile Co (an ‘$a, 42, 3h 18 7.5 

bing NJ lier 

lanoleum Mig 2, 11, SI 

SS Air boree 

hin 

Sin biber & bilo a, Va, W Va Bd, 42, 43, 72 os 

Airframe Mig Midwest w2 13, 1%, 11, 
Navy Mal 758.6 3.5 

Timber Mili West ol 45 

Air borce Ala §.4 2 
Diversified Mig w2 Mig 
hleetreal Wor or 65 11.0 
Sugar ND. La, Conn 3, 43 
Aireralt Wash 
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‘ at wor 
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American Institute of Industrial Engineers, Ine. 
145 N. High St. 


Columbus 15, Ohio 


stevens Rice 
niversity Microfiims 
313 N. First Street 
Ann Arbor, Michigan 
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th 


wes 


butered as 


second-class matter 
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